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LETTER OF TRANSMITTAL. 



Department of thk Interior, 
United States Geoixk;ical Survey, 

Washington, D, C, March 5, J904. 
Sir: I have the honor to transmit to 3'ou a manuscript entitled *' Superior 
Analyses of If^neous Rocks from Roth\s Tabellen, 18()9 to 1884,'- by Henry 
Stephens Washington, with the recommendation that it be published by the Survey 
as a Professional Paper. This compilation brings together all the quantitative 
analyses of igneous rocks made prior to 1884 that possess a sufficient degree of 
excellence to render them of value to the petrographer of the present da}'. The 
analyses of this collection are arranged according to the method used by the 
author in his tables of analyses published since the last edition of Roth's tables, 
issued by the Survey as Professional Paper No. 14. The two compilations thus 
bring into uniform shape for ready reference all the "superior" anal^^ses of 
igneous rocks published up to 1901. In view of the long recognized value to 
geologists and petrographers of the compilations by Justus Roth, it is clear that 
the tables prepared by Doctor Washington, embracing all the analyses of high 
gmde and accompanied by critical discussion, nmst be of still greater benefit to 
all students of igneous rocks. 
Very respectfully, 

Whitman Cross, 
Geologist in Charge, Section of Petrology, 
Dr. C. W. Hayes, 

Geologist in Charge of Geology. 



THE SUPERIOR ANALYSES OF IG-NEOUS ROCKS 
FROM ROTH'S TABELLEN, 1869 TO 1884. 



By Henry S. Washington. 



INTRODUCTION. 

In Professional Paper No. 14'* there were collected the chemical analyses of 
igneous rocks published from 1884 to 1900, inclusive, arranged according to the 
quantitative system of classiiication recently proposed by Cross, Iddings, Pirsson, 
and Washington*. In order to supplement this work it has appeared advisable 
to select the more reliable and complete of the earlier analyses collected by Justus 
Koth^^and arrange them also in the same manner for publication. Petrographers 
would thus have available for use according to the new s^^stem almost the entire 
body of chemical work of real value on igneous rocks, the exceptions being a few 
analyses published prior to 1900 which may have >>een overlooked In- both Roth 
and myself. The two collections would form a foundation as broad as possible 
for future research and discussion. 

I must express m}- sense of obligation to the United States Geological Survey 
for publishing the present collection of analyses, and my thanks to my colleagues 
in the new system of classification for their friendly advice and assistance. 

BASIS FOR THE SELECTION OF ANALYSES. 

GROUNDS FOR THE REJECTION OF CERTAIN CLASSES OF ANALYSES. 

In view of the time at which the majority of the anal3'ses collected by Roth 
were made it is of course natural that a very large proportion of them do not 
come up to modern standards and must be rejected as unfit for use in the 
quantitative classification of rocks. A critical examination shows, in fac^t, that, 

n Washington, H. S., Chemical analyses of igneous rocks published from 18M to 1900: Prof. Paper U. S. Geol. 
Sun'ey No. 14, 1903. This will be referred to by the abbreviation W. T. 

f> Quantitative Classification of Igneous Rocks, Chicago, 1903. 

(jRoth, Justus, Die Gesteins-Analysen, Berlin, 1861. Roth, Justus, Beitrage zur Petrographic der plutonischen 
Oesteine: Abhandl. Kon. Akad. Wiss. Berlin, 1869, 1873. 1879, and 1884. These will be referred to as Roth's Tabellen 
(R. T.), with the appropriate date. 
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8 ,.-*;. \ftWERIOR ANALYSES OF IGNEOUS ROCKS. 

adopting' *^^\cYiteria used in the earlier tables," the proportion of "superior" 
f^nalyi^es i5 in reality exceedingly small. The numerical data will be discussed 
*^ a* subsequent page. 

The criteria according to which the "ratings" or indication of the relative 
value of the analyses have been assigned by me may be sununarized from Pro- 
fessional Paper No. 14 (pp. 39-41). 

The general idea is that followed by Dun and Bradstreet in assigning credit 
ratings to conmiercial houses. The factors on which the value of an analysis 
depends are two — its accuracy and its completeness — and, within restricted limits, 
each of these compensates for the other to a certain extent. The degree of 
accuracy is expressed by the letters A, B, C, I), and the degree of completeness by 
the figures 1, 2, 3, 4, in combinations of a letter and a figure, the former preceding. 

A is used when the analysis gives evidence of a high degree of accuracy — 
that is, when it corresponds well with the mode (actual mineral composition), and 
jsrhen the summation is between the limits 99.50 and 100.75. B is assigned when 
the analysis and the mode correspond, and when the sununation is between 99.50 
and 99.00, or between 100.75 and 101.25. C applies when the analysis corre- 
sponds fairly well with the mode, or when the sum is between 99.00 and 98.50 
or between 101.25 and 101.75. D is to be used when the analysis varies decidedly 
from the mode in any important particular, or when the sum is below 98.50 or 
above 101.75. 

1 is assigned when the analysis is perfectly complete or nearly so, as wh^n, 
in addition to all the main constituents and those of secondary importance, there 
are determined ZrO„ CrjOj, NiO, BaO, and the like, or several of these. The 
iron oxides should be separately determined in all cases to have this figure appl3\ 
2 will be used when all the main constituents, including both oxides of iron, have 
been determined, as well as the constituents of secondary importance, including 
especially TiO, and PjOj, but when the minor constituents, as ZrO„ etc., have 
not been determined. 2 will also be applied to the analysis of salic rocks in 
which the iron oxides are present in small amount, but have not been separated, 
and which are otherwise so complete as to fall under 1. 3 applies to analyses 
in which the main constituents, including both oxides of iron, have been deter- 
mined, but not TiO„ PjOj, CI, etc. (or the minor constituents), unless minerals 
rich in these are so abundant as to make their estimation of the same impor- 
tance as that of the main constituents. 3 also includes analyses of rocks which 
are very low in iron oxides when these have not been separated, but which are 
otherwise complete according to the requirements of 2. 4 is assigned when, with 
the exceptions noted above, the iron oxides have not been separated, when the 

a Washington, H. 8., Prof. Paper U. 8. Geol. Survey No. 14, p. 28. 
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alkalies or other constituents are determined by difference from 100 per cent, 
when the alkalies have not been separated, or when any constituent of the first 
importance has not been determined, etc. 

To express the various ratings of equal value the following terms are employed: 
Excellent or first rate, good or second rate, fair or third rate, poor or fourth 
rate, and bad or fifth rate. Their meanings, in terms of the symbols chosen, 
are seen in the subjoined table, ratings of the same value falling on the same 
horizontal line: 

Scheme for rating rock analyses. 



First rate . . . 
Second rate. 
Third rate . . 
Fourth rate . 

Fifth rate. . . 



Al 
A2 
A3 
A4 



Bl 
B2 
B3 
B4 



CI 
C2 
C3 
C4 



Dl 
D2 
D3 
D4 



Excellent..! 

Good [superior. 



Fair. 
Poor 

Bad. 



JInferior. 



The general lines along which the selection of analyses for the present work 
was made were those laid down in Professional Paper No. 14 for the classifica- 
tion of the tables into two parts, one containing the "superior" analyses, and the 
other containing the ''inferior" ones. With few exceptions there are to be found 
in the present collection only those analyses which logically fall in the first class. 

In the first place, all the analyses found in Roth's Tabellen of 1861 were 
rejected. By far the greater number of these are "inferior" in any case, as, 
apart from bad summations and other obvious inaccuracies, only about two 
dozen show separate determinations of the iron oxides. Furthermore, regard 
being had to their very early date and the uncertain methods of chemical 
analysis obtaining at that period, even what are apparently the best of them 
must be considered as merely more or less rough approximations, chiefly of his- 
torical interest, and of little or no use in present-day investigations. On taking 
up Roth's collections, published respectively in 1869, 1873, 1879, and 1884, all 
analyses of crystalline schists and other metamorphic rocks were excluded. The 
many analyses of avowedly or evidently decomposed igneous rocks were also 
rejected. Partial analyses, those of groundmass, or those of rocks from which it 
is stated that some of the mineral constituents (as magnetite) had been removed 
prior to analysis, as well as those of portions soluble and insoluble in HCI, 
were also passed over. In a number of cases, however, when otherwise deemed 
to be of superior quality, analyses representing the bulk composition of rocks, 
calculated from the analyses of the soluble and insoluble portions, were admitted, 
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though such can not be held to have the weight of a complete rock analysis, niade 
directly. 

A few of the analyses appearing in Roth's Tabellen of 1884 were also published 
in Professional Paper No. 14. These have been included in the present work, with 
a remark to the effect that tliey are also to be found in the other paper. 

Although it has been impossible to examine thoroughly the vast mass of 
literature published prior to 1884, yet several analyses have been found which 
are not given by Roth. All of those so found are, however, of inferior quality, 
either because the iron oxides were not separately determined or for other reasons, 
so that in fact no analysis published prior to 1884 and not collected by Roth is 
present in this work. 

COMPLETENESS OF ANALYSES. 

Turning from the analyses excluded on the general grounds noted above, we 
come to those rejected on account of the incompleteness or the inaccuracy of the 
analysis. By far the most numerous of this group are those in which the iron 
oxides have not been determined separatel3^ As has been already' explained,^ if 
the sum of iron oxides exceeds 1 or 2 per cent and they are not separately 
determined, it is impossible to use an analysis in the calculation of either the 
norm (and hence in the determination of the classificatory position of the rock) 
or the mode or actual mineral composition, unless totally arbitrary assumptions 
are made which may or may not be in accordance with fact. A calculation 
involving such assumptions will have little or no value. This ground for exclu- 
sion is, of course, most serioush' felt in the more femic (basic) rocks, since 
among those which are obviously of the persalane class, especially in the quaric 
orders, the amount of iron oxides is usually so small as to render practically 
negligible the error due to their nonscparation and the assumption in the calcula- 
tion that they are present as FeO. A considerable number of these last will be 
found in the following pages. Such analyses were similarly treated in Profes- 
sional Paper No. 14. 

Roth's Tabellen also contain some analyses in which K,0, Na^O, MgO, or CaO 
are not determined, as well as a few in which the alumina and iron oxides are not 
separated. These, of course, are omitted. 

Analyses are numerous, in fact they constitute the great majority of those in 
question, in which TiO, or PjOj, or both, have not been determined. This affects 
the apparent amount of alumina, rendering it too high, and among the more 
femic rocks, especially those of the salfemane class, this defect is apt to lead to 
serious error in the assigned classificatory position of the rock. All such 

« Washington. H. S., Prof. Pajwr V. S. Geol. Survey No. 14, p. 43. 
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analyses, however, if complete as to the main oonstituentt), have been admitted 

to the present work, and rated 3 as regards completeness, according to the lines 

previously laid down. It must be repeated^ here that the assigned dassificatory 

positions of rocks represented by such incomplete analyses are to be regarded 

in general as provisional, and subject to change when complete analyses are 

available. 

In this connection attention may be called to the fact that fpr the proper 

calculation of the minor divisions, grad, subgrad, and their sections, in Classes II 

and III, of the Quantitative system, the determination of TiO^ and PjO^, is absolutely 

necessary. This arises from the following facts: The PjO^ determines the amount 

POM 
of apatite, and hence the ratio ^ .^ — , and also gives the correct amount of CaO" 

which enters normative diopside or wollastonite and which affects the amount of 

MgO and FeO for normative hypersthene and olivine. The TiO, indicates the 

amount of ilmenite, and hence its determination is essential for a correct statement 

P O 
of the ratio -hr-t which determines the grad, and also affects the amount of FeO 

available for diopside, hypersthene, and olivine. 

It is true that these substances are present usually in comparatively small 
amounts, most frequently in quantities less than 1 per cent. But as the minor 
divisions, grad, subgrad, and their sections in the classes named, are based on 
the mineralogical and chemical characters of the subordinate normative minerals, 
small amounts will assume here an importance which the\^ do not usually have 
when dealing with the major divisions, order, mng, and subrang. 

It will also be evident that, in dealing with Classes IV and V, the determi- 
nation of these constituents is necessarv for the proper computation of the major 
divisions, order, rang, and subi*ang. 

ACCURACY OF ANALYTICAL METHODS. 

Turning to the other factor involved in the qualit\' of an analysis, its accuracy, 
we are confronted with the fact in this case that at the time the great majorit}^ of the 
anal^-ses found in Roth's Tabellen were made the methods and means of analysis 
were inferior to those of the present day. New methods have been devised to 
eliminate serious constant errors discovered in many of the older methods, and these 
have been modified or new ones adopted which do not involve such errors, while 
apparatus has been improved and chemicals have been purified, all these changed 
conditions leading to greater accurac}" and expedition in carrying out the processes 
involved. This genei*al aspect of all the older work is of such serious importance 
that the exacting petrographer who demands data of a high degree of excellence 

a Washington, H. 8., Prof. Paper U. S. Geol. Survey No. 14, p. 45. 
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as a basis for any theoretical discussion must perforce regard with suspicion nearly 
all of the analyses collected by Roth, and must prefer to use in their stead analyses 
of more modern date and correspondingly greater degree of accuracy. It is true 
that there are some excellent analyses among these older ones, especially those 
made by Rammelsberg, whose early work, in spite of the disadvantages of the time 
as to both methods and means, is of a character wluch compares favorably with 
much of that of the present day. Conversely, it by no means follows that because 
an analysis is modem it is consequently of a high degree of excellence, as an 
examination of Professional Paper No. 14 will show. But, speaking generally, it 
is clear that the great bulk of the analyses in Roth's Tabellen can not be regarded 
as attaining a high standard of accuracy, just as they fall short of modem work 
in regard to completeness. 

Admitting this aspect of affairs, we are met with certain difficulties in rating 
the analyses of Roth's Tabellen as to their accuracy. As has been explained 
elsewhere," the surest method of determining this factor is a comparison of the 
mode of the rock with the norm deduced from the analysis. If some indication 
were given in connection with the analysis as to the quantitative relations of the 
mineralogical composition in any given rock, it would be a comparatively simple 
matter to arrive at a general idea, at least, of the accuracy of the analysis. But 
in most cases we are left quite in the dark on this important point, more espe- 
cially where such early work as most of that represented by Roth's analyses is 
concerned, for at the time many of them were made little or no microscopical 
work on rock sections was possible or was done. 

Even in such analyses, however, calculation of the norm proves to be of the 
greatest use in estimating their value. Some experience and study of the rela- 
tions of norm and mode enable one to form a fairly trustworthy estimate of the 
value of analyses as regards their accuracy, and although such a judgment is admit- 
tedly not to be considered final or absolute, yet the results of its application 
must be regarded as more valuable than a blind acceptance of the figures reported 
by the analyst on the tacit assumption of their infallibility. 

I have calculated the norm in all cases where the analysis was sufficiently 
complete to permit this to be done satisfactorily, and have used it as a basis 
for passing judgment on its accuracy. This process has resulted in the rejec- 
tion of a niunber of analyses which might strike one superficially^ as fairl}^ good. 

But again, cases arc met with in which even the calculation of the norm is 
of no great assistance. While the analyses may differ in certain respects from 
more modern analyses of rocks from the same locality, yet the norms are quite 
consistent with what is known of the mode. In such cases, although the pre- 
simiption is against the accuracy of such early work, yet if other features do 

a Washington, H. S., Prof. Paper No. 14, p. 30. 
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not indicate any marked degree of inaccuracy, these analyses have been rated A 
in this respect, although 1 must confess to considerable private mental reservations 
as to the applicability of this rating in many cases. 

REMARKS ON THE TABL.E8. 

In general, the tables here presented are arranged along the lines laid down in 
Professional Paper No. 14. The classification is carried as far as subrang, the 
anal3^ses in each subrang being numbered consecutively in geographical sequence, 
and of rocks from the same locality according to decreasing SiO^. The rating 
assigned by me is given in the left-hand column below the number of the analysis. 

No verification of the analytical figures furnished by Roth has been attempted, 
and they are given as they appear in his Tabellen. In one or two cases there is 
some error leading to a summation not in accord with the figures of the analysis. 
In such cases the correct summation of the figures as published is given above, with 
that of Roth below in parenthesis. There are no columns provided for H,0— and 
for BaO, as scarcely any of the analyses in Roth's Tabellen show these constituents. 

The name of the analyst is as stated by Roth. In some cases he furnishes 
this information definitel}'^ by the use of the name in parenthesis below that of the 
author, while in others he leaves it uncertain as to whether the author of the paper 
made the analysis or not. In such cases the point has not been examined further. 

In the reference column is given the name of the author, followed by the 
original reference as stated by Roth, and the reference to Roth's Tabellen, cited 
by year of publication and page. As far as my examination extends, the page 
in the original reference is that on which the analysis is to be found, but no 
attempt has been made to verify Roth's references, although, of course, great 
care has been taken to insure that they have been copied correctly. The abbre- 
viations are the same as those used in Professional Paper No. 14. 

The name of the rock is that given by Roth, unless he states that the author's 
name diflfers from his, in which case that of the author is placed above with that 
adopted by Roth in parenthesis below. 

Reference to Roth's Tabellen is indicated by R. T., and to the collection 
published in Professional Paper No. 14 by W. T. The present set of tables may 
be conveniently designated by W. R. T. 

DESIGNATION OF THE SUBRANG. 

It has been the experience of the authors of the quantitative classification that 
it is frequently found useful to be able to state the classificatory position of a rock 
magma without using the subrang name. This may be because the subrang in 
question has not yet been named, because it is desired to indicate certain affinities 
of the rock, or for other reasons. We have adopted in such cases a method 
which was evolved in our correspondence and which has already been published 
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by Iddings in a recent work.^ This naethod, elaborated beyond the form used by 
Iddings, may conveniently be described here, for the benefit of those petrogi-aphers 
who ma\' desire to use the proposed classification. 

It consists of stating numerically the several hierarchical divisions in which 
the mi^ma falls. Thus the name monzonose may be repla<*ed by the symbol 
II.5.2.3. Here II indicates that the magma falls in Class II (dosalane), 5 that 
the oixier is the fifth (perfelic), 2 that the rang is the second (domalkalic), and 3 
that the subrang is the third (sodipotassic). 

In the case of a threefold division, as that of a doc»alcic rang into three sub- 
rangs, a prepotassic, a sodipotassic, and a presodic, we have heretofore designated 
these as the first, second, and thiixl, or as 1, 2, and 3, respectively.* We find in 
practice, however, that this procedure is liable to give rise to serious misunder- 
standing, since, for example, in one case a 3 which occupies the subrang position 
in the symbol will mean that the subrang is sodipotassic, and in another that it 
is presodic, great attention being necessary to keep clear in mind whether the 
rang is subject to a fivefold or to a threefold division. 

We have therefore somewhat modified our original plan, and, keeping to the 
use of five numbers throughout,** propose to indicate the threefold character of a 
subdivision by combining the numerals of the first and second and of the fourth 
and fifth divisions, as is done in the classification, placing a comma between them. 
Thus the presodic subrang auvergnose of the docalcic rang auvergnase will be 
indicated by the sj-mbol 111.5.4.4,5. This may be expressed in words by using 
the phrase '* fourth-fifth subrang.'' It is not necessary to explain that the numbers 
referring to orders will be those from 1 to 9. 

Sections of any of the divisions may be indicated by the appropriate figures 
placed exponentially. Thus the subrang uvaldose will have the symbol IV.2'.1'.2. 
Subclasses and suborders, which will be used seldom, may be expressed by the use 
of the appropriate numeral inclosed in parentheses. Thus the symbol of kyscht}^- 
mase would be I(3^).5.5.0., there being no subrang needed, as the rang is percalcic. 

Grads and subgrads, with their sections, may be expressed in an exactly similar 
way, their indicative numerals following those of the major divisions, and being 
printed in italics for greater distinctiveness. Thus the full magmatic symbol of 
the typical monzonite of Monzoni (monzonote)^ would be II. 5. 2. 3. 7,^. 7,^^*^ 

a Iddings, J. P., Prof. Paper U. 8. Geol. Survey No. 18, 190S, pp. 67 and 72. 

bCrow, Iddings, Pirason, Washington, op. cit., pp. 122, 137. 

<r An apparent exception is that of the orders in Classes I, II, and III, which number nine. The exception is apparent 
only, as the orders are really arranged in a series of two fivefold groups, joined by the fifth (perfelic) order, which is 
common to both. Cf. C. I. P. W., op. cit., p. 131. 

<( As has been pointed out by Milch (Centralblatt fQr Mineralogie, 1903, p. 691), there was a slight confusion in our 
statement of the position of this rock (C. I. P. W., op. cit., p. 176), owing to the substitution of a fivefold for a threefold 
division. The grad was given as the second, while it should be the fint-necond, and similarly with the subgrad. In 
the above symbol I have inserted the exponential figure for the section of subgrad, expressing the relation of 
(Mg,Fe)0:CaO^, although strictly speaking it is not needed. 
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In the case of a transitioh rock, the numeral of the division near the border 
of which it falls may be written before the one expressing its exact position (to 
correspond with the nomenclature)," and connected with it by a hyphen. If the 
rock is transitional in several respects, the numeral of each of such divisions 
will have its appropriate hyphenated preceding numeral. Thus the magma of 
the leucitite of Capo di Bove, which is a vesuvose-albanose,* may be expressed 
by 111-11.6.2.2, and that of the porphyrite of the Suldenferner,^ which is an 
andose, but near the borders of harzose, tonalose, and shoshonose, may be written 
a« II.4-5.4-3.4. 



QUAL.ITY OF ANALYSES AT I)IFFERE>rT PERIODS. 

It has alread}'^ been remarked that the proportion of analyses of superior 
quality to be found in Roth's Tabellen is remarkably small. It may be of 
interest to examine this matter somewhat more in detail, especially as such 
an examination brings out very clearly the steady improvement in analytical 
work which has been in progress since the first tables were compiled by Roth. 
In the table below is given the number of anal3\ses to be found in the various 
issues of Roth's Tabellen, omitting those of metamorphic rocks, of groundmass, 
and of portions soluble and insoluble in HCl. The numl)er which has been 
admitted to the present work is also given in each case, as well as the percentage 
which each represents. For comparative purposes there are given below the cor- 
responding figures for the analyses published from 1884 to 1900, taken from my 
previous work. 

Number of analyses pvhlished in RotKs Tabellen^ with number and percentage of superior analyses republished 
from thai and other sources in Professional. Papers Nos. 14 and 28. 



Total num- 
ber of 
analyses. 



Number of . Per cent of 



erior 



supei 
analy; 
W. R. T. 



Hupeiior 



seft in analyses in 
W.R.T. 



R. 
R. 
R. 
R. 
R. 



T.1861. 
T. 1869. 
T. 1873. 
T.1879. 
T.1884. 



616 
744 
232 
422 
408 




67 
24 
69 

88 





9.01 

10.38 

16.35 

21.57 



2, 422 
W.T.1900 2,881 



248 
1,864 



5,303 



2,112 



10.24 
64.70 



39.83 



aC«. C. I. P.W., op. cit, pp. 1«6, 176. 



bW.T., P.2Q2. 



«W. R. T.. No. U, andoee, p. 4«. 
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Of the above table it must l)c said in the beginning that the figures for Roth's 
Tabellen and for Washington's Tables are not quite strictly commensurate. The 
figures in the second column represent, as far as Roth's Tabellen are concerned, 
only the analyses which have been admitted to the present work, and thus those 
of tuffs and of decomposed rocks are excluded, while in the figures for my 
tables such analyses are counted if of superior quality. Consequently the figures 
giving the percentages of superior analyses for Roth's Tabellen \^411 be somewhat 
too low. This, however, is counterbalanced by the fact that a considerable 
number of analj'ses of quaric persalane rocks, in which the iron oxides have 
not been separated and which are consequently fourth rate, have been included 
in the figures given above for Roth, while all such have been omitted from the 
total showing the superior analyses published since 1884. As the table is of no 
great importance, and is intended only to show the general condition of affairs, 
it has not been thought worth while to adjust these discrepancies. 

Perhaps the most obvious fact brought out by the figures above is the very 
poor, not to say bad, quality of the earlier work, as compared with that of to-day. 
The average of superior analyses represented by R. T., 1861 to 1884, is only 10.24, 
while for the seventeen years from 1884 to 1900 it is 64.70. 

This great difference is due, as the table testifies most eloquently, to the steady 
improvement in the quality of analytical work from the beginning. The figures 
expressing the percentages of superior analyses rise steadily from 1861 to 1884, 
each being successively higher than the one preceding it. The great improvement 
shown between 1861 and 1869 is very largely due to the fact that the iron oxides 
were more often separately determined. After 1884 the improvement is still more 
rapid, the table showing an average of 64.70 of superior analyses between 1884 
arid 1900. This is very largely owing to the establishment of the laboratory of 
the United States Geological Survey in 1880 and its copious output, especially in 
late years, of rock analyses of the highest quality. Even this last ratio shows 
a percentage of which neither petrographers nor analytical chemists need be 
proud, but it is at any rate evidence of a decided change for the better, and, with 
the increasing emphasis which is being laid on this side of petrography, gives 
promise of an increasingly brighter future. 

Hillebrand, Geikie,^ and others have called attention to this contrast, but it 
would be well if every petrographer would consider the data for himself in order 
that he might fully realize the unsatisfactory character of the great body of 
analyses on which so much theoretical discussion has been based. He would 
then surely cast his influence for a higher grade of analytical work. 



aGelkie, Sir Archibald, Text-book of Geology, Vol. I, 1903, p. 116. 
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As to the absolute number of analyses, the table shows that there has been 
a steady increase, as was to have been expected. In about twenty years prior to 
1861 there were made 616 analyses, or on an average about 30 analyses a year. 
During the twenty-three years from 1861 to 1884, 1,806 analyses were made, an 
annual average of 78.5, while in the seventeen years from 1884 to 1900 the much 
larger number of 2,881 analyses were made, or 169.4 a year. 

lilST OF ABBREVIATIONS. 

In the case of words etymologically alike, but in different languages, only the 
English form is given. The other abbreviations used will be self-explanatory. 

REFERENCES. 

A American. 

Abh Abhandlung. 

Ac Academy, etc. 

A. J. S American Journal of Science (New Haven) . 

Ak Akademie. 

Arch Archive. 

Att Atti. 

B Bulletin, etc. 

B. B Beilage Band. 

Ber Berichte. 

Btr Beitragd. 

C. I. P. W Cross, Iddings, Pirsson, Washington. 

D Deutsch. 

De Denkschrift. 

Erdk Erdkunde. 

Erl Erlauterung. 

Finl Finland. 

Fr France, Freunde. 

G Geology, etc. 

Geog Geognosie. 

Gee Gesellschaft. 

Gest Gesteine. 

G. S Geological Survey. 

In. diss Inaugural dissertation. 

Ir Irish. 

It Italian. 

J Journal. 

Jb Jahresbericht. 

K Kaiserlich. 

IrA Landes-Anstalt. 

Mem Memoir, etc. 

N New, etc. 

Nat Nature, etc. 

Nf Naturforscher. 

Nh Natural history. 

N. J Neues Jahrbuch fur Mineralogie, Geologie, und Palaontologie (Stuttgart). 

N. J. B. B Neues Jahrbuch, Beilage Band (Stuttgart). 

Nk . . .'. Naturkunde. 

6623— No. 28—04 2 
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No Number. 

Pr Prooeedings, etc. Also PreosBen. 

Q Quarterly. 

Q. J. G. S Quarterly Journal of the Geological Society of London. 

R Royal. 

R-A Reicbs-AnBtalt 

Rev Review, etc. 

r^ r R.T Roth's Tabellen. 

t:^ Sb Sitzungsberichte. 

[f Soc Society, etc. 

' 1 Sv Sverige. 

T Transactions. 

T. M. P. M Tschermak's Mineralogische und Petrographische Mittheilungen (Wien). 

Und IJndersokning, Undersdgelse. 

U. S United States. 

U. 8. G. 8 United States Geological Survey. 

Ver Verein. 

Vh Verhandlungen. 

Wiss Wissenschaft. 

W. R. T Roth's Tabellen, arranged by Washington. Prof. Paper No. 28. 

W. T Washmgton's Tables, 1884-1900. Prof. Paper No. 14. 

Z Zeitsohrift. 

Z. D. G. G Zeitschrift der Deutsche Geologische Gesellschaft (Berlin). 

Z. K Zeitschrift fur Krystallographle ( Miinchen). 

MINERALS. 

A Apatite subgroup (apatite, fluorite, calcite, pyrite, iron, etc ). 

ab albite. 

ac acmite. 

am ackermanite. 

an anorthite. 

ap apatite. 

C corundum. 

cc calcite 

cm chromite. 

di diopside. 

F Feldspar subgroup (orthoclase, albite, anorthite). 

fr fluorite. 

H Hemic subgroup (magnetite, chromite, hematite). 

hm hematite. 

hy hypersthene. 

il ilmenlte. 

ir iron (metallic). 

kp kaliophilite. 

ks potassium metasilicate. 

L 1 Lenad subgroup (leucite, nephelite, eodalite, noselite). 

Ic leucite. 

M Mitic subgroup ( magnetite, chromite, hematite, ilmenite, titanite, perofekite, rutHoj . 

mt magnetite. 

ne nephelite. 

no noselite. 

ns sodium metasilicate. 

O Olivine subgroup (olivine, ackermanite). 
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ol olivine. 

or orthoclase. 

org Clonic matter. 

P Pyroxene subgroap (acmite, sodium metasilicate, potaasimn metasilicate, diopeide, 

wollastonite, hypersthene). 

pf perofskite. 

pr pyrite. 

Q quartz. 

ru rutile. 

80 sodalite. 

T Tilic subgroup (ilmenite, titanite, perofskite, rutile). 

tn titanite. 

wo wollastonite. 

X rare earths, not identified, insoluble in melted KH (SO4). 

Z zircon. 

MISCELLANEOUS. 

cor corrected. 

E east. 

M miles. 

N north. 

n near. 

n. d not determined. 

P page- 

priv. contrib private contribution (unpublished. ) 

R rang. 

Ref reference. 

S south. 

sp. gr specific gravity. 

8R subrang. 

tr trace. 

W west. 



=3 
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SUPERIOR ANALYSES OF IGNEOUS ROOKS. 



CLASS I. PERSALANE. 
RANG 1. PERALKALIC. ALA8KASE. 



No. 


SiO, 


AlA 


Fe,0, 


FeO 


MgO 


CaO 


Na,0 


K,0 


H,0 


CO, 


TiO, 


PA 


MnO 


Sum 


8p.gr. 


1 
BHIV 


76.00 

1.267 


8.72 
.066 


6.33 
.088 


0.15 

.002 


0.11 

.008 


0.79 

.014 


0.88 
.016 


7.82 
.088 


0.40 








0.20 


100.40 


2.588 



RANG 1. PERALKALIC. ALA8KASE. 



1 


78.40 


11.32 


0.^2 


n. d. 


0.48 


0.45 


3.09 


4.83 


0.56 










100.05 




A4.IV 


1.807 


.111 


.006 


(.012) 


.012 


.006 


.060 


.061 
















2 


74.88 


12.00 


3.50 


0.20 


.1.28 


0.34 


2.49 


4.77 


1.20 










100.66 




Az,m 


1.248 


.118 


.022 


.003 


.062 


.006 


.040 


.061 
















3 


77.67 


n.47 


1.40 


0.16 


0.16 


0.35 


3.42 


4.76 


L02 










100.41 


2.600 


AS.ni 


1.296 


.112 


.009 


.002 


.004 


.006 


.066 


.061 
















4 


76.68 


12.90 


1.02 


0.45 


0.40 


0.69 


3.43 


4.67 


0.72 










100.96 


2.587 


A8.m 


L278 


.126 


.006 


.006 


.010 


.018 


.066 


.060 
















5 


77.68 


12.95 


0.96 


0.37 


0.21 


0.30 


3.18 


4.37 


0.71 






trace 




100.73 


2.615 


As.m 


L296 


.127 


.006 


.006 


.006 


.006 


.061 


.047 














18^ 


6 


76.12 


13.42 


1.28 


n.d. 


0.19 


0.34 


3.10 


4.89 


1.06 










100.40 




A4.IV 


L260 


.181 


.006 


(.016) 


.006 


.006 


.060 


.062 
















7 


75.31 


13.23 


1.50 


n.d. 


0.25 


0.65 


2.60 


5.51 


0.86 










99.91 




A4.IV 


1.266 


.180 


.009 


(.018) 


.006 


.012 


.042 


.069 

















RANG 1. PERALKAUC. ALA8KASE. 



1 


82.80 


7.94 


n.d. 


1.05 


trace 


0.35 


3.05 


1.85 


3.94 










100.98 


2.363 


BHIV 


1.880 


.078 





.016 


— 


.006 


.060 


.020 
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RANG 1. PERALKAUC. ALA8KA8E. 



1 


80.42 


9.22 


1.22 


0.62 


0.34 


0.86 


4.50 


0.62 


0.66 


0.98 


0.06 


0.06 




99.67 


2.652 


A2.n 


1.840 


.090 


.007 


.008 


.009 


.016 


.172 


.006 


* 




.001 











RANG 2. DOMALKALIC. AL8BACHA8E. 



1 


74.21 


12.51 


0.78 


2.94 


0.20 


1.82 


0.54 


6.67 


0.50 








100.17 


2.702 


As.m 


1.287 


.122 


.006 


.041 


.006 


.032 


.009 


.071 




i 











RANG 2. DOMALKALIC. ALSBACHASE. 



1 


72.30 


15.04 


0.64 


1.28 


0.59 


1.59 


1.02 


4.95 


2.18 




0.11 


0.19 




100.02 


2.697 


A2.n 


1.206 


.147 


.004 


.018 


.016 


.029 


.016 


.068 






.001 


.001 
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ORDER 3. QUARFELIC. CJOLUMBARE. 

SUBRANG 1. PERPOTA8SIC. 



IncliMVe* 


Norm. 


Locfllity. 


Analyst 


Reference. 


Author' fi name. 


Remarks. 




Q 4S.e ju i.a 

or 46.2 di 0,7 

&b 1,1 WTO 1.3 

mt L6 


Fork Hill, Cotmty 
Armagh, Ireland. 


B. Uaughton. 


B. HaiightoD, 
J^oTBocIMbLIX, 
p. 334, 1861 


Felfiite^por- 
phyry: 


liou oxide^ 
AlkaHetf? 



SUBRANG 3. SODIPOTAflBIC. A1JISK06E. 



Q 9».T 
or 00.4 

ft&38.2 
an 2.^ 

c aa 

Q 29. h 

Dr2».4 
ab21,0 
an 1.7 
C 2,1 

Q ^6 
or 28.4 

an 1.7 



Q 36.7 
or 27. a 

an S.fi 

C 0.8 



Q 41.5 
dr2(Ll 
abM,7 
an L4 
C Z5 

Q 77.4 
or 2S.0 
ab2«.2 
an 1,7 
C a.4 

oraa,s 

ab32.0 
an ft.S 
C ],7 



hy J.S 



hy 3.2 
mt 0,7 
hmS.O 



by 0.4 
mt 0.5 
bml.e 



by 1.0 

mt LB 



hr 0.& 
mt 1.4 



by 2.fi 



Ixy S.0 



Carrickburn, County 
Wexford, Irelancr. 



Pitf e Heail» 
Caernarvonshire. 
Wale*?, 



Near Andlau, 
Vogesen. 



Kinieekthali 
Yogeeen. 



Tr^^berg Waterfall, 
Schwarzwald, 
Baden. 



SchonlwiKi 
n. Walnheim, 
Baxony. 



J obanngeocgen etad t , 
Saxony, 



S, Haughtoo^ 



S. Haughton. 



L. van 
Werveke. 



L, van 
Werveke, 



L, 5IcC4y. 



Lemberg. 



Rube. 



S. Haughton, 

Tr. R. Ir. Ac. XXllI, 

p. 615, 1859, 
K T. 1869, p. LViii. 

S. Haughton, , 

Tr. R. In Ac. XXlll, ' 
p. 015, 1859. 

R. T. 1809, p. LViu. 

II. Rc»»enbuech, 

Steig. Hchiefer, 

p, tm, 1877. 
R. T, 1879, p, XX, 

II, R^iieenbuBchi 

Steig. Schiefer, 

p. 383, 1877. 
R. T. 1871^, p. XX. 

G. H. Williami, 

N, J, B. B,.II, 

p. &m, 1883. 
R. T. 1884, p, XVI. 

Lembeig, 
Z.D.&,G., XXVIII, 

p, S97, lfi75. 
R. T. 1879, p. III. 

Scheerer, 
Feetgchrift, 

p. 180, isea, 

R. T, m% p. ixiiv. 



Feljiite, 



FelMte, 



Itranopbyre. 



Quartz- 
porphyry. 



QnartJE^ 
porphyry. 



Gramie. 



Granite. 



In W. T,, 
p. 120. 
No. 27 f alaikoee 



SUBRANG 4. D080DIC. TAUROSE. 



I 

, Q 56.0 
' otU.1 
! ab26.1 
an 1.7 
J C 0.2 



by 2.0 



Mte, >Ienone, 
Euganean HiHb, 
Italy, 



G. Yom Rath. 



G, vom Rath, 
Z. D. G. G., XVI, 

p. 516, 18*^. 
R. T. lSe9, p. xc. 



Perlite* 



81:BRAN0 5. PER80DIC. WESTPHALOSE. 



i 


aw 


Q f^.2 


dl 0,7 


On 


0107 


or 3.S 


by 0.0 






ab37.7 


mt 1.9 






an S.3 





Figel, Lennegebiet, 
Westphalia* 



Jacobs. 



K. A. Loeeen, 

Sb. G^s. Nf. Freunde, 

p. 178, 1883. 
R. T. 1884, p. XX. 



Quartz- 
keratophyre. 



In W. T., 

p, 131. 
No. 2, 

weetphakfle. 



SUBRANG 1. PERPOTASfilC. 



Q 39.1 by 6.» 
or ^. fi mt 1. 2 
■b C7 

Ml S.S 
C 1.0 



Lappinlax^ 
ffll'd Hochland, 
Finland. 



Lemberg. 



Lemberg, 

Arch. Nk. Livl. IV, 

p, 189, 1867, 
R. T. 1869, p, L. 



Feleite- 
porphyry. 



gtOBRANG 2. DOPOTA88IC. MIHALOBE. 



Fe8t 0.10 



Q 42.2 
or 20. & 
ab 8.4 
an &1 
C S.0 



by S.4 
mt O.ft 



*"Bodegang/^ Keeten- 
tbal, Har£ Mte. 



Kinkeldey. 



K. A, Loftpen, 

Z. R U. 0. XXVI, 

p. 889, 1874. 
R. T. ia79, p. xiT. 



Felflite- 
porphyiy. 



Border of dike; 
cf. No. 16, 
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CLASS I. PERSALANE— ContinaecL 

RANG 2. DOMALKALIC. ALSBAGHASE. 



No. 


SiO, 


A1,0, 


Fe,03 


FeO 


MgO 


CaO 


Na,0 


K,0 , H,0 ! CO, 


TiO, 


PA 


MnO 


Sum 


8p.gr. 


1 


76.32 


12.96 


n.d. 


1.86 


0.49 


1.26 


3.13 


4.36 


n.d. 










100.38 




A4. IV 
2 


1.272 

74.56 


.127 

11.37 




.026 

1.98 


012 


.022 

0.97 


050 


017 
















3.20 


0.67 


1.97 


3.80 


0.62 










99.14 


2.6S 


B3. IV 


1.243 


.111 


.020 


.028 


.017 


.018 


.032 


.040 
















3 


74.46 


12.59 


2.36 


2.01 


0.85 


0.94 


2.78 


3.43 


0.65 










100.07 


2.70 


A8. in 


1.241 


.128 


.015 


.028 


.021 


.017 


.045 


.086 
















4 


71.01 


11.86 


3.92 


2.31 


0.26 


2.47 


2.59 


3.02 


0.93 


0.09 ! 


0.85 




100.24 




A?2, II 


1.184 


.116 


.024 


.082 


.007 


.045 


.042 


.032 1 


1 


.006 








6 


70.33 


11.82 


3.73 


2.38 


0.20 


2.75 


2.41 


1 

3.09 1 1.;^ 


O.ul 1.03 

1 


0.53 - 


99.93 




A2. n 


1.172 


.116 


.023 


.038 


.005 


.049 


.039 


.083 ' 1 1 .018 1 .004 

' 1 1 ' 








6 


77.34 


14.26 


0.94 


n.d. 


0.08 


0.83 


2.45 


4. 82 1 0. 28 










101.00 


2.614 


B3. IV 


1.289 


.140 


.006 


(.012) 


.002 


.014 


.040 


.051 

1 














7 


76.60 


13.21 


1.90 


0.20 


0.16 


0.87 


3.03 


3.90 


0.72 










100.59 




AS, m 


1.277 


.129 


.012 


.003 


.004 


.016 


.049 


.041 
















8 


76.32 


15.44 


0.37 


n. d. 


0.36 


1.83 


2.06 


3.84 


0.49 










100.34 




AS. n 


1.272 


.151 


.002 


(.004) 


.009 


.032 


.033 


.010 
















9 


76.80 


12.18 


1.56 


n.d. 


0.20 


1.07 


2.82 


4.50 


0.89 








trace 


100.02 




B3.IV 


1.280 


.119 


.010 


(.020) 


.005 


.020 


.045 


.048 
















10 


76.34 


13.22 


1.93 


n. d. 


0.21 


1.85 


2.84 


3.67 


0.61 










100.67 


2.403 


B3.IV 


1.272 


.ISO 


.012 


(0.24) 


.006 


.038 


.046 


.039 

















RANG 2. DOMALKALIC. ALSBACHASE. 



1 


78.75 


10.75 


1.29 


L95 


0.47 


L53 


3.18 


1.71 


0.67 










100.30 


2.71 


AS. m 


1.318 


.106 


.008 


.028 


.012 


.027 


.051 


.018 
















2 


74.07 


14.47 


2.26 


n.d. 


0.66 


2.53 


4.23 


1.38 


0.70 










100.30 




B8. IV 


L285 


.142 


.014 


(.028) 


.017 


.045 


.068 


.014 

















RANG 8. ALKALIGALCIC. RIESENASE. 



1 


71.73 


15.41 


1.34 


1.38 


LOS 


3.81 


3.22 


L47 


0.89 










100.33 


2.64 


As.ni 


L196 


.151 


.008 


.019 


.027 


.068 


.053 


.016 
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ORDER 3. QUARFELIC. COLUMBARE— Continued. 

SUBRANG 3. SODIPOTASSIC. TEHAMOSE. 



Indufiive. 



Norm. 



&.93 



0.14 



Q 3e.6 

ftb26.2 
an &.I 
C 0.8 

Q m.ii 
or 22.2 
abie.S 
an &0 
C ii 

Q 4L2 
or 20.0 

C 2.0 

Q 41.1 
or 17.8 
*b22.0 
an 7.0 
G L7 

or IS. I 
ab20.4 
>^nlO0 
C 0.8 

4 42.1 
orm4 
ab2I,Q 
ma 3.0 
C 8,0 

Q 42.1 
or 22.8 

■b^.7 

C 2.1 

Q 4&.4 

or 22.2 
abl7.9 
an 8.0 
C 4.7 

Q S».4 

or 28.7 
bb23,a 

C 0.G 

Q 40.0 
OF 21.7 
ab24.i 
ux 0.2 
C l*t 



br 4.6 



by 2. a 

mC 4.6 



h7 8.M 
mt 3.5 



hy 0.7 
mc 6.0 
ap 2.0 



by 0.& 
mt 4.6 
n 2.0 
bmO.5 
ap 1.3 

by l.i 



by 0.4 
mt 0. 7 
bml.4 



hy 1.4 



by S.l 



hy a. 7 



Loc^itv. 



Batila, Iceland. 



SiiDQnby^ FinJand. 



8toi^ardf Finland. 



Capelle Pallokul, 
Island Dago, 
Finland. 



Capelle Ballokul 
lalaud Dago, 
Finland. 



Analyst. 



P. Bchlriitx. 



Knhlberg. 



Kublbetg. 



Bchiidde. 



Scbridde {?). 



Kimockthal, Vogeaen., Unger. 



Ameieenbuhl, Gabriel* 

Oberflocken bach, 
Baden. 



Grospfiachsener Thai, 
Htridelberg, 
Ba<Jen. 



Telkibanya^ 
Hungary, 



Telkibanya, 
Hungary* 



Schroder, 



K. V, Hauen 



K. V. Hauer. 



Referenee. 



P.Bchirliu, 

T. M. P. M,, 1S81, 

p. 416. 
E. T- 1884, p. L. 

Kuhlbere, 

Arch. Nk. Livl. IV, 

1867. 
R. T. 1869, p. XL. 

KnhlberK, 

Atx.'h. Nk* LivL IV, 

1867. 
E. T. 1S69, p. XL, 

V, Ungem-Sternbergf 
Ueber Rapakiwi, 
Ldpj&ig, 1882, p. 40. 

R. T. 18S4, p. xrv. 

V. Ungem-Sternberg, 
Uefer Rapakiwi, 
Leipstig, 1882, p. 40. 

R. T. 18S4, p. xi\\ 

H- Ro^nbujich. 

Steiff. Schiefer, 1877, 

p. 279. 
R. T. 187^, p. XIV. 

Benecke and Cohen, 
Geog. Beech. Heidelb., 
187t^, p. 125, 

E. T. 1879, p. 3tn, 

G. Lieonhartl^ 

Gnind. d. Gepgn.186,% 

p. 46. 
R. T. 1869, p. XL, 

K, V, Hauer, 
Vh. Wien. G. R^A. 

1866, p. 99. 
R. T. 1860, p. Lxxxvm- 

K. V, Hanen 

Vh. Wien: G. R-A., 

1S66, p. 99, 
H. T. 1869, p. Lxxxnn. 



I 
Author'e name. Bemarki. 



Liparite. 



Granite. 



Granite. 



Hai^dtiwi 
emniie 
(block). 



Rapakiwi 

granite (er- 
ratic block). 



Aplite. 



Granite. 



Granite. 



Ehyolite* 



Rhyolite. 



a. No. H 

alankose, 



Cf . No. 24, 

alaakoee, 

W. T,j p. 129. 



Kear alaakose. 



Ci No. 12, 
tehamc^e, 
W. T., p, 133. 



SUBRANG 4. D080DIC. ALSBACH08E. 



, Q 49.1 

I or 10.0 

ab26.7 

an 7.5 

C 1.0 



Q 88.5 
or 7.8 
ab85.6 
anl2.5 
C 1.6 



by 3.8 
mt 1.9 



by 5.4 



Stoi]gard, 
Finland. 



Lanna Kiilla, 
Island Hochland, 
Finland. 



Kohlberg. 



Lembei^. 



Kuhlberg, 

Arch. Nk. Livl.,* 

IV, 1867. 
R. T. 1869, p. XL. 

Lemberg, 

Arch. Nk. Livl. 

IV, p. 198, 1867. 
R. T. 1869, p. xui. 



Granite. 



Granite. 



SUBRANG 4. DOSODIC. 



Q 87.2 


by 4.2 


or 8.8 


mtL9 


ab27.8 




an 18.9- 




C 1.6 





Sandvik, 
Finland. 



Kohlbeig. 



Kuhlberg, 

Arch. Nk. Livl., 

IV, 1867. 
R. T. 1869, p. XL. 



Granite. 
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SUPERIOR ANALYSES OF IGNEOUS ROCKS. 



CLASS 1. PERSALANE— Continued. 

RANG 3. ALKAUCALCIC. RIESENASE-Continned. 



No. 


SiO, ' A1,0, 1 Fe,0, 


FeO 


MgO 


CaO 


Na,0 


K,0 


H,0 


00, TiO, 


PA 


MnO 


Sum 


Sp.gr. 


1 

A4. IV. 


74.62 1 14.20 

1.342 1 .139 


L26 
.006 


n. d. 

(.016) 


0.72 
.018 


3.47 

.063 


4.07 

.066 


0.58 

.006 


L18 










100.00 





CLASS I. PERSALANE. 

RANG 1. PERALKAUC. UPARA8B. 



1 


74.60 


12.69 


0.67 


n. d. 


0.30 


0.14 


0.92 


9.92 


0.73 










99.86 




A8. m 


1.242 


.124 


.004 


(.008) 


.008 


.008 


.016 


.106 

















RANG 1. PERALKALIC. LIPARASE. 



1 


76.80 


11.64 


0.66 


0.50 


trace 


0.43 


2.63 


6.69 


0.77 










100.02 


2.50 


A8. m 


1.280 


.114 


.004 


,o(n 




.008 


.040 


.071 
















2 


75.07 


11.40 


.053 


L28 


0.11 


0.61 


1.15 


8.33 


1.74 


trace 






trace 


100.22 


2.40 


A3, m 


1.251 


.112 


.008 


.018 


.008 


.011 


.019 


.088 
















3 


74.62 


11.96 


1.20 


0.10 


trace 


0.36 


2.26 


7.76 


1.02 










99.18 


2.23 


B8. IV 


1.244 


.117 


.008 


.001 




.006 


.066 


.083 
















4 


76.04 


13.12 


2.12 


n. d. 


0.34 


0.40 


2.44 


6.32 


0.76 






^ 




100.64 




A4. IV 


1.261 


.127 


.013 


(.026) 


.009 


.007 


.089 


.067 
















6 


68.99 


13.78 


0.76 


n. d. 


0.16 


2.01 


2.99 


8.01 


2.89 










99.67 




A3, in 


1.150 


.186 


.006 


(.010) 


.004 


.086 


.048 


.086 

















RANG 1. PERALKALIC. UPARASE. 



1 


72.26 


13.59 


1.16 


2.18 


0.06 


1.13 


3.85 


5.58 


0.47 




0.46 




trace 


A2. n 


1.204 


.183 


.007 


.081 


.002 


.020 


.062 


.060 






.006 






2 


73.09 


12.76 


1.07 


4.28 


0.09 


0.30 


3.16 


5.10 


0.73 




0.40 




0.08 


B2. Ill 


1.218 


.125 


.007 


.060 


.002 


.006 


.051 


.054 






.006 




.001 


3 


71.07 


12.34 


2.26 


4.92 


0.19 


0.55 


2.84 


5.53 


0.72 




0.27 




trace 


A2. II 


1.185 


.121 


.014 


.068 


.006 


.010 


.046 


.059 






.006 






4 


75.44 


13.98 


0.54 


n.d. 


trace 


0.50 


3.48 


5.36 


0.77 










A4. rv 


1.267 


.137 


.003 


(.006) 


— 


.009 


.056 


.057 












5 


74.48 


16.20 


0.20 


n.d. 


0.27 


0.13 


3.78 


4.56 


0.60 










A8.UI 


1.241 


.169 


.001 


(.002) 


.007 


.002 


.061 


.049 












6 


73.60 


13.80 


2.00 


n.d. 


0.50 


0.79 


4.29 


5.22 


n.d. 










'crv 


1.227 


.135 


.013 


(.026) 


.013 


. .014 


.069 


.066 













100.73 


2.65 


101.06 


2.66 


100.68 


2.68 


100.07 


2.48 


100.22 




100.20 





PEB8ALANE LIPAB08E. 
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ORDER 3. QUARFELIC. CX)LUMBA RE— Continued. 

8UBRANO 5. PEB80DIC. VULCANOSE. 



Inclusive. 



Norm. 



Q 89.0 
or 8.3 
ab89.6 
%nl7.5 
C 0.4 



by 8.9 



Locality. 



Analyst. 



Near LaunakuUa, 
Isl'd Hochland, 
Finland. 



Lemberg. 



Reference. 



Lemberg, 
Arch. Nk. Livl., 
IV, 382, 1867. 

R. T. 1869, p. XLii. 



Author's name. Remarks. 



Granite. 



ORDER 4. QUARDOFELIC. BRITANNARE. 

SUBRANG 1. PERPOTA88IC. LEBACHOSE. 



Q 29.6 
or 58.9 
ab 7.9 
an 0.8 



by 1.9 



elgapajalax, 
Island Hochland, 
Finland. 



Lemberg. 



Lemberg, 

Arch. Nk. livL, IV, 

p. 387, 1867. 
R. T. 1869, p. xui. 



I 



Granite. 



SUBRANG 2. DOPOTASSIC. OMEOSE. 



LI«0 trace 



Li«0 trace 



Q 36.0 
or 89.5 
ab21.0 
an 0.8 


di 0.8 
wo 0.2 
mt 0.9 


Mohung Hill, 
Humboldt Range, 
Nevada. 


Woodward. 


C. King, 

G.ExpL40thPar. I, 

p. 652ri877. 
R. T. 1879, p. LTV. 


Q M.5 
or 48. 9 
abl0.0 
an 1.4 


dl 1.6 
by 1.5 
mt 0.7 


Pine Nut Canyon, 
Nevada. 


Woodward. 


C. King, 

G.ExpL40thPta-.,I, 

p. 652, 1877. 
R. T. 1879, p. Liv. 


Q 81.7 
or 46. 2 
abl7.8 


ac 0.9 
wo 0.7 
mt 0.2 
bmO.8 


Humboldt Sink, 
Montezuma Range, 
Nevada. 


Woodward. 


C. King, 
i G.ExpL40aiPlar.,I, 
p. 652, 1877. 
R. T. 1879, p. LIV. 


Q 84.0 
or 87.8 
ab2D.4 
an 2.0 
C 1.4 


by 4.8 


Brinzio, 
Varese, 
Piedmont 


Gumbel. 


Gumbel, 

8b. Munch, Ak., 1880, 

p. 589. 
R. T. 1884, p. XVIII. 


Q 18.0 
or 47.8 
ab25.2 
an 0.6 


di 8.4 
wo 2. 8 


Gala del Inferno, 
Monte Schiavone, 
Ponza. 


C. Doelter. 


C. Doelter, 

Ds. Wien. Ak., 

XXXVI, p. 11, 1875. 
R. T. 1879, p. Ui. 



Liparite. 



Li pari te. 



Liparite. 



Felsite- 
porphjny. 



Pitchstone. 



Near lipoiose. 



SUBRANG 8. SODIPOTA8SIC. UPAROSE. 



Q 25.8 
or 88. 4 
ab82.5 
an 8.1 


di 2.2 
by 1.4 
mt 1.6 
il 0.9 


Q 31.7 
or 80.0 
ab26.7 
an 1.4 
C 1.5 


by 5.1 
mt 1.6 
U 0.8 


Q 28.5 
or 82.8 
ab24.1 
an 2.8 
C 0.6 


by 7.2 
mt 8.8 
il 0.5 


Q 88.8 
or 81.7 
ab29.8 
an 2.5 
C 1.5 


by 0.8 


Q 84.1 
or 27. 2 
ab82.0 
an 0.6 
C 4.8 


by 1.0 


Q 25.1 
or 80.6 


di 0.7 
by 4.4 



ab86.2 
an 8.1 



Mount Willard, 
New Hampshire. 



Mount Willard, 
New Hampshire. 



Mount Willard, 
New Hampshire. 



Mount Moees, Fish 
Creek Mountains, 
Nevada. 



Ross of Mull, Scotland. 



Bameemore Gap, 
County Donegal, 
Ireland. 



G. W. Hawes. 



G. W. Hawes. 



G. W. Hawes. 



Woodward. 



8. Haughton. 



8. Haughton. 



G. W. Hawes, 

A. J. 8. (3), XXI, 

p. 26, 1881. 
R. T. 1884, p. xvi. 

G. W. Hawes, 

A. J. S. (3), XXI, 

p. 25, 1881. 
R. T. 1884, p. XVI. 

G. W. Hawes, 

A. J. 8. (3), XXI, 

p. 25, 1881. 
R. T. 1884, p. XVI. 

C. King, 

G.Expl.40thPar.,II, 

p. 664, 1877. 
R. T. 1879, p. LIV. 

8. Haughton, 

Tr.RIr.AcXXIV, 

p. 31, 1866. 
R. T. 1869, p. XLiv. 

8. Haughton, 

Tr.R.Ir.Ac.,XXIV, 

1866. 
R. T. 1869, p. XLVi. 



Granite. 



Granite- 
porphjriy. 



Granite- 
porphyry. 



Liparite. 



Granite. 



Granite. 



Cf. next two 
below. 



Fades of No. 1, 
liparase, 3 
feet from 
contact 

Fades of No. 1, 
liparase, 2 
inches from 
contact 
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SUPERIOR ANALYSES OF IGNEOUS ROCKS. 

CLAaS I. PER8ALANE— Continued. 
RANG 1. PERALKALIC. LIPARASE— €onUnued. 



No. 


SiO, 


A1,0, 

14.22 


Fe/), 
0.49 


FeO 


7 


74.01 


0.46 


Ad. Ill 


1.234 


.139 


.008 


.007 


8 


73. 43 


13.67 


1.41 


n.d. 


B4. V 


1.224 


.134 


.009 


(.018) 


9 


73.26 


14.05 


1.41 


n.d. 


A4.IV 


1.221 


.1.37 


.009 


(.018) 


10 


76. a3 


12.33 


0.82 


n.d. 


A4.IV 


1.272 


.121 


.006 


(.010) 


11 


75.05 


12.94 


1.56 


n.d. 


A4.IV 


1.251 


.126 


.010 


(.020) 


12 


72.54 


14.16 


1.53 


n.d. 


A4.IV 


1.209 


.139 


. ) 


(.020) 


13 


75.06 


11.70 


1.04 


1.57 


A2.II 


1.261 


.115 


.006 


.022 


14 


69.01 


17.33 


0.41 


1.65 


A3, m. 


1.150 


.170 


.006 


.023 


15 


68.30 


15.41 


2.97 


0.81 


B8. IV 


1.138 


.151 


.019 


.011 


16 


74.65 


13.75 


1.86 


n.d. 


A4. rv 


1.244 


.124 


.012 


(.084) 


17 


77.05 


12.64 


0.76 


0.23 


A8. lU 


1.234 


.124 


.006 


.006 


18 


74.11 


13.47 


0.83 


n.d. 


A4. IV 


1.286 


.182 


.006 


(.010) 


19 


73.00 


15.04 


1.74 


n.d. 


A4. IV 


1.217 


.147 


.011 


(.022) 


20 


74.56 


13.52 


2.04 


n.d. 


A4. IV 


1.248 


.182 


.018 


(.020) 


21 


70.93 


16.38 


n.d. 


0.36 


A8. m 


1.182 


.100 


— 


.006 


22 


70.01 


17.63 


0.56 


n.d. 


A4.IV 


1.107 


.178 


.004 


(.008) 



Mgf) CaO Na,0 K,(> H/) CO, TiO, Ffi^ MnO Sum I Sp. gr. 



0.49 


0.40 


3.14 


.012 1 


.007 


.061 


0.20 


0.50 


3.27 


.005 1 


.009 


.063 



0.39 I 0.65 I 3.47 



0..3.S 



.009 



.012 

0.14 
.003! 



0. 23 0. 76 

.006 .014 

i 

0.68 0.84 

.017 .0L5 ! 



0.19 ; 

i 
.006 , 

1.17 1 

.029 , 

1.27 

.002 

0.14 
.004 

0.09 

.002 

1.27 

.082 

0.41 
.010 

0.44 

.011 

0.58 
.015 

0.11 

.008 



I 

1.01 , 
.018 I 



.008 

0.79 

.014 

0.74 
.018 

0.64 
.012 

0.73 
.018 

0.32 

.005 

0.32 
.006 

0.81 

.014 



.066 

.3.16 
.051 

2. .58 
.Oi2 

3.12 

.060 

2.56 

.Ml 



6.03 0.85 

.064 

6. 27 , 0. 56 I 

.067 I 

I 

! i 

5.57 0.63 I 0.25 

.060 



6. 28 0. 59 

.067 , 

I 

5. 77 0. 76 

.062 

5.59 I 1.20 

.060 

6. 25 I 0. 63 

.067 i 



0. 75 I 3. 59 . 5. 24 I 0. 62 

.014 I .058 j .065 I 

0.46 I 4.03 5.22 0.81 



.065 



.055 



3.36 5.85 n.d. 

.054 .063 ! 



3.79 

.061 
4.22 

.068 

3.49 

.066 

3.48 
.066 

4.52 
.078 

3.92 
.068 



4.50 
.048 

3.92 

.041 

5.23 

.065 

4.94 



5.47 
.060 

6.55 
.070 



0.40 



1.22 



0.94 



0.64 



1.50 



0.54 



0.36 

.005 



100.09 2.59 



99.31 



99.68 



100.00 



99.65 



99.63 I 



trace ! 100.37 , 2.642 



99.77 2.64 



99.28 ; 2.66 



100.40 



100.20 



99.68 



100.58 



99. 94 



100.06 



100.13 



2.599 



2.592 
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PER8ALANE LIPAR08E. 
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ORDER 4. QUARDOFELIC. BRITANNARE— Continued. 

SUBRANQ 3. SaDlPOTASSIC. LIFAfiOSE-CotttlMUwl* 



Inclusive. 



Norm, 



C 1.7 



Q 27.S 
or 37. 3 

G 0.6 



orS3H 

ftb2&.3 
ATI 3.3 
C 0.9 



U 32. S 
or a?. 3 
Mb ^. 7 
sn O.S 



Q » 4 

or 34. A 
ab£3,o 
an a.fl 
C O.S 

g m& 

or 33.3 

an 4.2 
C 1,4 

Q 33,7 
or 37.3 
ab2].5 
an 2.0 



Q 23.7 
or !U].« 
AhmA 
an 3.9 
C 4,4 

Q 22.2 
orau.S 
nb34.1 
an Z2 
C 2.4 

Q 29.2 
i»rH.xO 
iib2«.3 
an X9 
C 0.3 

Q 36.1 
Of a*i,7 
abSJ.O 
an S.6 
C 0.2 



abas. 6 
ati 3.3 
C l.l 

Q 29.0 

ab29.3 

an 16 
C 2.4 

Q 32.fi 
or i«.9 
ab"-*&,3 
an 1.4 
C 1.9 

Q 21, 6 
or32.« 
abas. 3 
an 1.4 
C 2,4 

Q 30.0 
or 3^.9 
ftb33,0 
ui S.9 

C 2,7 



hy 1.7 

mt 0.7 



hf 2.9 



by S.4 



hy 2.2 



by 3.2 



by 4.S 



dl 2.6 
by 0.5 
ml 1.4 
U 0,S 



by 5,5 
mt 0. 7 



by 3,2 

mt 2.6 
bml.S 



by 3,e 



by 0.2 

mt 0.7 
hmO,3 



by 4,5 



by S.9 



by 4,5 



by 2.2 



by 1.4 



l/ocality. 



Hag^JB, FinlADd. 



Helsingtors, Finland. 



Heleiiigfops, Finlanfl. 



Selgapajalajc, 

I^<iand Hochland, 
Finland. 



Launakiin&p 

I^^land Hocbland, 
Finland. 



Abo, Finland. 



Himmekul Quarrj^ 
Fy terlak^t Finland. 



Ahlon, 

Vannas, Finland. 



Mustflnn, Finland. 



EUdalen^ Sweden. 



Kfmeoklhalf 
Vof^esen. 



Rabenlien^, 
Waldh^^iaij 
Saxony. 



VValdheim, Saxony. 



FiedmonL 



Ortaccio, Campiglia 

Marittinia, 
Tuscany. 



Capo Vardella^ 

F^lmart^la, 
Ponza Islands* 



Analyst. 



Knhlber^. 



Lea berg. 



Lemljerg, 



Lemberg. 



Leinberg. 



Lemberg. 



H. Slruve, 



Kuhlbeig. 



Kuhlberg. 



Oiabausen. 



Van Werveke. 



Lembei^. 



' 



Lemberp. 



Guinbel. 



G. vom Rath. 



C. Doelter. 



Reference. 



Kuhlberg, 

Arth. m livL, IV, 

1H67. 
R. T. 1869, p. XL. 

Leml3era» 

Z. D. O. G., XXII, 

p. 369, 1870, 
R. T, 1873, p. X. 

LemJjerg, 
Z. D, G. G., XXII, 

p. 366, 1870. 
R. T. 1873, p, X. 

Lemberg, 

Arch. Nk. Livl., IV, 

p. 387, 1867. 
H. T. 1869, p. XLii, 

Lenr beiy, 

An:h- Nk. Livl,, IV, 

p. 198, 1867, 
R. T, 1869, p. XLii, 

Leintierg. 

Z, D. G. G., XXII, 

p. mo. 1870. 
R, T. 1873, p. X. 

H. Stnive, 
Mem. Ap. St. Pet, VI, 
No. 4, p. 33, 1862. 

R, T, 18613, p. xui, 

Kuhtberj£, 

Arch. Nk. Livl,, IV, 

1867. 
R, T. 1869, p. XL. 

Arrh. N'k. IJvl., IV, 
1867. 
R. T. 1869, p. XL. 

Gl^bauaen, 
Z. D, G, G„ XVI, I 

p. 680, 1864. i 

R. T. 1869, p. Lii. 

M. Roeenbuech, 

8UMSS, Sehiefer, 1877, 

p. 378. 
R. T. 1879, p. XX. 

Lenibem, 

Z. D. G. G,, XXVII, 

p. 545, 1875. 
R. T. 1879, p. X. 

Lemteni, 

z. aG.G.,xxvin, 

p. 597, 1876. 
H. T. 1879, p. xiL 

tiuml»el, 

Sb. Miinch. Ak., 

1880. p. 589. 
R. T. 1884, p. xviii. 

G. vom Rath, 
Z. D. (;. G., XX, 

p. 328, 1868. 
R. T. 1869, p. Li I, i' 

C. Doelter, 

Ds, Wien, Ak., 

XXX VI, p. 28, 1875. 
E. T, 1879, p, Lli. 



Author^ 9 name. 



Gmnite. 



GiaDita 



Graixite. 



Granite. 



Granite. 



Granite. 



Rapakiwi 
granite. 



Granite, 



Granite, 



Febrfte- 
porphyry. 



Granopbyre, 



GrHuite, 



Granite, 



Felsite- 
porjihyry. 



Granite 

{ felsite- 
porphyry). 



Obsidian. 



Remarks. 



Near toBcanoee, 



Near kalleni- 
doae. 
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SUPERIOR ANALYSES OF IGNEOUS ROCKS. 



CLASS I. PER8ALANE— Continued. 
RANG 1. PERALKAUC. LIPARA8E— Continued. 



No. 


1 1 
SiO, A1,0, Fe,03 i FeO 


MgO 


CaO 


Na,0 


1 1 
K^O 1 H,0 1 CO, 


TiO, 


PtO* 


MnO 


Sum 


Sp.grr. 


1 
A2. n 


70.97 
1.183 


13. 84 1 3. 21 0. 78 

.138 ' .020 .011 

1 ; 
1 


0.20 
.005 


1.26 

.022 


6.27 

.102 


1 
1.67 0.74 ; 0.79 

.017 1 


0.25 

.006 






100.09 


2.709 



RANG 2. DOMALKALIC. T08CANASE. 



1 


68.94 


14.31 


2.29 


2.75 


0.47 


2.25 


1.13 


1 

7. 38 1 0. 46 










99.98 




AS. m 


1.149 


.140 


.014 


.039 


.012 


.040 


.018 


.079 1 














2 


69.19 


14.12 


1.64 


1.71 


1.66 


L58 


1.81 


1 

8.45 i n. d. 






0.15 


trace 


100.31 


2.60 


AS. ni 


1.153 


.138 


.010 

1 


.024 


.042 


• .029 


.029 


.090 ! 

1 






.001 









RANG 2. DOMALKALIC. T0SCANA8E. 



1 


70.29 


14.86 


L20 


1.20 


0.26 


1.09 


3.66 


1 

6.66 1 1.36 








0.16 


99.73 


2.12 


A3, m 


1.172 


.146 


.008 


.017 


.007 


.020 


.059 


.061 








.002 






2 


70.17 


14.63 


2.64 


1.74 


0.93 


2.29 


3.25 


3.35 


1.53 








trace 


100.33 




AS. m 


L170 


.142 


.016 


.024 


.028 


.041 


.052 


.036 














3 


73.96 


12.44 


3.07 


0.55 


0.14 


1.28 


3.00 


5.10 


1.00 








100.64 




AS. Ill 


1.283 


.122 


.019 


.008 


.«M 


.023 


.048 


.054 
















4 


72.24 


14.92 


1.63 


0.23 


0.36 


L68 


3.51 


5.10 


n.d. 








0.32 


99.99 




A3, m 


1.204 


.146 


.010 


.003 


.009 


.030 


.056 


.054 










.005 






6 


7L76 


16.68 


1.08 


n. d. 


0.28 


1.48 


2.97 


6.13 


0.60 










99.98 




A4. IV 


1.196 


.163 


.007 


(.014) 


.007 


.027 


.048 


.O&l 
















6 


70.00 


16.36 


2.80 


0.08 


0.71 


1.12 


4.13 


4.66 


n.d. 










99.86 




A3, m 


1.167 


.160 


.018 


.001 


.018 


.020 


.066 


.050 














7 


69.20 


16.40 


2.09 


1.00 


0.85 


1.03 


4.20 


5.22 


n. d. 










99.99 




A3. Ill 


1.163 


.161 


.013 


.014 


.021 


.018 


.068 


.055 














8 


68.80 


16.40 


2.60 


0.65 


0.85 


1.75 


3.78 


5. 31 n. d. 










100.14 




A3, m 


1.147 


.161 


.016 


.009 


.021 


.031 


.061 


.056 














9 


68.20 


15. 96 


3.69 


LOO 


0.78 


2.92 


3.75 


4.14 


n.d. 










100.44 




A3, m 


1.137 


.156 


.023 


.014 


.020 


.(m 


.060 


.044 
















10 


73.70 


14.44 


0.43 


1.49 


trace 


1.08 


4.21 


1 4.43 


0.40 






trace 


trace 


100.18 


2.69 


A3, m 


1.228 


.141 


.003 


.021 




.020 


.068 


.047 
















11 


68.04 


17.20 


3.15 


0.41 


1.20 


2.92 


3.25 


3.90 


n.d. 










100.07 




AS. ni 


1.134 


.169 


.020 


.006 


.030 


.052 


.053 


.041 
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ORDER 4. QUARDOFELIC. BRITANNARE— ContinuecL 
8UBRANG 4. DOSODIC. KALLERUDOSE. 



Incluiive. 


Nonu. 


Localitv. Aimlvit. 

_ „ i 


Reference, 


Author's name. 


ReiimrkB. 


a tnce 


Q m4 ai i.i Muhleuthai, 
Il4\l ri:l\ B. Eibingerode. 


Jacabe. 


K. A, LoBseD, 

Sb. Gee. Nat. Pr., 

1 883, p, 178, 
R_ T. 18&4, p. xr. 


QlUTtX- 

kemtophyie* 


Near lammom. 



SUBRANG 2. DOPOTAS8IC. DELLEN08E. 



Cl| tnaoe 

ZnO toce 
BaO tfsce 



Q 27.0 by ^,5 
or 4S. 9 mc 3. 3 
ab ».4 

AHlLl 

C O.S 



a 30.1 dl 2.a 

or 50, by 5. 

abl5.2 iiit2.9 
an 5,3 



Foehjakdrkia^ 
Island Hoohland, 
Finland. 



Try berg Waterfall, 
Si^b wart Oswald, 
fiadeQ. 



Lembet^. 



Hebenetreit. 



ljembef)r. 
Arch. Nk. Uvl., 
p. 181, 1867. 

R. T. iseo, p, L. 



IV, 



Hel>en«treit, 

Btr. Kenntn, Schww., 

1877, p. 27, 
R, T. 1879, p, ,Tn, 



Felaite- 
pc:jrphyry. 



Granite. 



SUBRANG 8. SODIPOTAS8IC. TOSCAN08E. 



LifO trace 



LijO trace 



Q 23.6 
or 83. 9 
ab30.9 
an 5.6 
C 0.6 



Q 31.7 
or 20.0 
ab27.8 
an 11. 4 
C 1.4 



Q 84.4 
or 80.0 
ab25.2 
an 5.6 



Q 28.5 
or 80.0 
ab29.3 
an 8.8 
C 0.6 

Q 30.5 
or 30.0 
ab25.2 
an 7.5 
C 3.5 

Q 24.8 
or 27.8 
ab34.6 
an 5.6 
C 2.5 

Q 21.4 
or 30.6 
ab35.6 
an 5.0 
C 2.0 

Q 21.7 
or 31. 1 
ab32.0 
an 8.6 
C 1.3 

Q 23.3 
or 24. 5 
ab31.4 
an 14. 5 



Q 28.8 
or 26. 1 
ab35.6 
an 5.6 
C 0.6 

Q 26.2 
or 22. 8 
ab27.8 
an 14. 5 
2.4 



hy 2.2 j Harlequin Canyon, , R. W. Wood- 
™ Montezuma Range, ' ward. 

Nevada. 



by 3.4 
mt3.7 



di 0.8 
xnt 1.9 
bml.8 



by 0.9 
mt 0.7 
bml.l 



by 2.6 



by 1.8 
mtO.2 
bm2.7 



by 2.2 
mt3.0 



by 2.1 
mt2.1 
bmLl 



Shoshone Peak, 
Nevada. 



Camaros Hill, 
County Wexford, 
Ireland. 



Doochary Bridge, 
County Donegal, 
Ireland. 



Poulniounty, 
Ireland. 



Ard Malin, 
County Donegal, 
Ireland. 



Tory Island, | 

County Donegal, ■ 
Irelanil. ' I 



R. W. Wood- 
ward. 



S. Haughton. 



S. Haughton. 



S. Haughton. 



S. Haughton. 



S. Haughton. 



Arranmore Island, 
County Donegal, 
Ireland. 



S. Haughton. 



^y 2.0 I Poison Glen, S. Haughton. 

hii:! County Donegal, ' 
Ireland. ' 



I 



hy 2.4 I Peterhead, 
^^^■T\ Scotland. 



by 8.0 
mt 1.4 
bm2.2 



Creetown, 
Kirkcudbright, 
Scotland. 



C. King, 

G. Expl. 40th Par. I, 

p. d52, 1878. 
R. T. 1879, p. Liv. 

C. King, 

G. Expl. 40th Par. I, 

p. 676, 1878. 
R. T. 1879, p. Lxiv. 

S. Haughton, 

Tr. R. Ir. Ac, XXIII, 

p. 608, 1859. 
R. T. 1869, p. XLVi. 

S. Haughton, 

Tr. R. Ir. Ac, XXIV, 

1866 
R. T 1869, p. XLVI. 

S. Haughton, 

Tr.R.Ir. Ac, XXIII, 

p. 599, 1859. 
R. T. 1869, p. XLiv. 



I S. Haughton, 
I Tr. R. Ir.AcXXIV, 
, p. 8, 1866. 
R. T. 1869, p. XLVI. 



A. H. Phillips. 



S. Haughton. 



S. Houghton, 
I Tr. R. Ir. Ac, XXIV, 
I 1866. 
I R. T. 1869, p. XLVI. 

1 S. Haughton, 

I Tr. R. Ir. Ac, XXIV, 

1866 
i R. T. 1869, p. XLVI. 

S. Haughton, 

Tr. R. Ir. Ac XXIV, 

1866. 
R. T. 1869, p. XLVL 

A. H. Phillips, 

Q. J. G. S.,XXXVI, 

p. 13, 1880. 
R. T. 1884, p. XIV. I 

1 
S. Haughton, r 

Tr. R. Ir. Ac, XXIII, ' 

p. 607, 1859. 
R. T. 1869, p. XLIV. 



Liparite. 



Dacite. 



Granite. 



Granite. 



Granite. 



Granite. 



Granite. 



Granite. 



Granite. 



Granite. 



Granite. 



8p. gr. low. 
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SUPERIOR ANALYSES OF IGNEOUS ROCKS. 



CLASS I. PERSALANE— C^ontinued. 

RANG 2. DOMaLKALIC. TOSCANASE— ContiniUKi. 



No. 


SiO, 


AlA 


Fe,0, 


FeO 


MgO 


CaO 


Na,0 


K,0 


H/) 


CO, 


TiO, 


PA MnO 


Sum Sp.gr. 




12 


72.96 


14.00 


2.42 


0.38 


0.14 


1.12 


4.33 


4.47 


n. a. 






0.40 


100. 22 1 2. 671 

1 




A3. Ill 


1.216 


.137 


.015 


.005 


.004 


.020 


.069 


.048 


1 

1 

1 






.006 








13 


73.88 


14.86 


0.10 


L64 


0.23 


0.89 


3.94 


3.89 


1 
0. 82 i 








100.25 






A3, ni 


1.231 


.146 


.001 


.022 


.006 


.016 


.064 


.041 


1 














14 


70.40 


15.29 


0.09 


1.69 


0.58 


1.62 


4.09 


3.89 


1 
1.13 ' 


0.28 


0.22 




99.51 


2.68 




A2. II 


1.178 


.150 


.001 


.024 


.015 


.029 


.066 


.041 


1 


.004 


.001 ' 

1 








15 


73.39 


14.12 


0.77 


0.67 


0.29 


L25 


3.66 


4.47 


I 

1.22 

1 




1 


99.84 






AS. HI 


1.228 


.138 


.005 


.010 


.007 


.cr22 


.059 


.048 


1 




] 








16 


71.65 


15.58 


0.64 


2.21 


o.a5 


2.13 


3.44 


3.66 


1.48 i 




1 trace 


100.84 


2.679 




A3. Ill 


1.194 


.152 


.004 


.031 


.(K)l 


.038 


.av) 


.039 


1 




j 








17 


71.55 


15.00 


0.87 


3.01 


0.06 


1.21 


3.61 


4.92 


0.75 




! 
trsLce 


100.98 


2.66X 




AS. Ill 


1.193 


.147 


.006 


.042 


.002 


.021 


.058 


. 052 








i 








18 


71.12 


14.58 


1.69 


n. d. 


0.15 


1.50 


3.26 


6.01 


0.95 








trace 


99.26 






B4. V 


1.185 


.143 


.011 


(.022) 


.004 


.027 


.053 


.0&4 










— 








19 


65.66 


15.78 


3.25 


. 0.16 


0.88 


2.07 


3.77 


5.82 


3.45 










100.84 


2.459 




A3, m 


1.094 


.155 


.021 


.002 


.022 


.m 


.061 


.062 




























RANC 


i 2. DOM 


ALKALIC. 


TOSCAN 


A8E. 




1 


69.36 


16.23 


0.88 


1. 53 


1.34 


3.17 


4.06 


3,02 


0.46 








' 100.04 

1 






A8. UI 


1.166 


.159 


.005 


.021 


.0. 


.057 


.066 


.082 
















2 


67.91 


17. 38 


1.77 


1.25 


1.35 


2.81 


5. 43 


1.84 










0.04 99.84 






A3. Ill 


1.132 


.170 


.011 


.018 


.034 


.050 


.087 


.020 










1 i 




3 


75.24 


13.36 


0.60 


n. <\. 


0.14 


2.25 


4.86 


3.27 


n.d. 








1 99. 72 ] 




A4. IV 


1.254 


.131 


.004 


(.006) 


.004 


.040 


.079 


.035 










1 

1 1 




4 


75.05 


13.66 


0.62 


1.11 


0.46 


1.82 


4.78 


2.84 


0.36 








100.70 




AS. Ill 


1.251 


.134 


.ow 


.015 


.012 


.082 


.077 


.030 
















5 


74.04 


13.01 


0.80 


0.95 


1.02 


2.33 


4.60 


2.75 


0.86 








trace 


100,39 






A3. Ill 


1.234 


.127 


.006 


.014 


.026 


.041 


.074 


.030 


















6 


66.69 


15.72 


3.10 


0.68 


L18 


1.98 


4.45 


2.97 


2.86 










99.63 


2.287 




AS. m 


1.112 


.164 


.019 


.010 


.030 


.086 


.072 


.082 














. 





PER8ALANE LAS8ENOSE. 



38 



ORDER 4. QUARDOFELIC. BRITANNA RE— Continued. 

. SUBRANG 3. SODIPOTAS8IC. TOSCANOSE-ContinutKl. 



Inclusive. 



FeSi a28 



Norm. 



Locality. 



Anal V St. 



Reference. 



I Author's name. 



Q 31.5 
or 26. 7 
ab30.9 
an 6.1 
C 0.9 



Q 24.2 
or 35.6 
ab 27.8 
an 7.5 



Q 28.2 hy 0.4 

or 26.7 mt 1.2 

ab36.2 hml.6 
an 5.6 



Q 32.6 hy 3.4 
or 22.8 mtO.2 
ab33.5 
an 4.5 
C 2.6 

Q 26.3 hy 4.0 
or 22.8 mt 0.2 
ab34.6 il 0.6 
an 8.1 
C 1.4 



500 feet below summit, , S. Haughton. 
Mont Blanc, 
France. 



hy 1.4 
mt 1.2 



Bjorketorp, 
Sect. Linde, 
Sweden. 



"Bodegang," 
Kestenthal, 
Harz Mountains. 



Schaufelgraben, 
Gleichenberg, 
Styria. 



Q ^IS ^^' li I Zehnerkopf, 

iV^i "''•' West Tyrol, 
an 10. 6 , 

C 2.0 I 

Q 27.2 hy 5.0 \ Zwolfergipfel, 

ll^l ^' '•' ! WestT^yrol. 

an 5.8 ! 

C 1.6 I 



hy 3.3 1 Chiaja di Luna, 
I Ponza, 

Ponza Islands. 



Q 15.8 di 1.3 Molivo, Mytilene, 

or 34.5 hy 1.6 , xj^^an Sea 

ab 32.0 mt 0.5 . ^'Tigean J!?ea. 

an 8.9 hm 3.0 ' 



Hasselbom 



Kinkeldy. 



Frisch. 



Stache and 
von John. 



Stache and 
von John. 



C. Doelter. 



S. Haughton, 
J. U. Soc. Dubl. IX, 
, p. 219, 1862, 
R. T. 1869, p. XLiv. 



K. von Hauer. i 



K. von Hauer, 

Vh. Wien. G. R.-A., 

1873, p. 220. 
R. T. 1879, p. Liv. 



Protogine. 



j Hummel, 

1 Sv. (i. Und., Sect. 

I Linde., p. 16, 1873. 

I R. T. 1879, p. XIV. 

I 

I K. A. Lossen, 

1 Z. D. G. G., XXVI, 

I p. 889, 1874. 

I R. T. 1879, p. XIV. 

I Ludwig, 

T. iVf. P. M.,1877, 
p. 277. 
R. T. 1879, p. Lii. 

Stache and von John, 
Jb. Wien. G. R-A., 
XXVII, p. 237, 1877. 

R. T. 1879, J). XXII. 

Stache and von John, 
Jb. Wien. G. R-A., 
XXVII, p. 237, 1877. 

R. T. 1879, p. XXII. 

C. Doelter, 
Ds. Wien. Ak., 
XXXVI, p. 10, 1875. 

R.T.I 879, p. LII. 



I Granite. 



Granite- 
porphyry. 



Liparite. 



Felsite- 
porphyry. 



Felsite- 
porphyrj'. 



Liparite. 



Perlite. 



Remarks. 



Near liparoee. 



Center of dike, 
cf. No. 1, 
mihaloee. 



Iron oxides. 



SUBRANG 4. DOSODIC. IJ\..S8EN08E. 



ZnO 



0.06 



i Q 24.6 
I or 17.8 
I nb34.1 
I an 15. 8 
C 0.5 

; Q 20.9 
I or 11.1 
nb45.6 
I tin 13. 9 
I C 1.3 



Q 30.1 
or 19. 5 
ab41.4 
an 4.7 



Q 31.6 
or 16.7 
ab40.4 
an 7.5 



Q 30.7 
or 16.7 
ab 38. 8 
an 6.4 



I Q 23.2 
j or 17.8 

ab37.7 
I an 10.0 

C 1.4 



by 5.5 
mt 1.2 



hy 4.3 
mt 2.6 



di 2.9 
wo 1. 3 



di 1.1 
hy 2.1 
mt 0.9 



di 4.1 

hy 1.8 
mt 2.2 



hy 3.0 
mt 2.3 
hml.4 



Near Lassen Peak, , J. W. Shimer. 
California. 



Castillo de la Nueva I Marx. 
Guatemala, j 

I Guatemela. 



Dunlewy, County | S. Haughton. 
Donegal, Ireland, i 



Harparboda, 
Sect. Linde, 
Sweden. 



Hasselbom. 



Baldersniis. Ulfserud, ' Erdmann. 
Sweden. ' 



Alagez, Armenia. 



Plohn. 



I Hague and Iddings, I Dacite. 

A. J. S., XX Vf, I 
; p. 232, 1883. 

I R. T. 1884, p. Lxvin. ] 

I Marx, Andesite. 

Z. D. G. G., XX, ' 
' p. 521, 1868. 
|R. T., 1869, p. ( xviii. i 

! 8. Haughton, , Granite. 

, Tr. Kir. Ac, XXIV, I 

, 1866. ] 

, R. T. 1869, p. xLvi. I 

Hummel, Granite. • 

; 8v. G. Und.,XLVII, | 

, p. 16, 1873. i 

I R. T. 1879, p. XIV. ! 

I Hummel and Erdmann, Granite. 
, Sv. G. rnd.,XXXV, 
p. 87, 1870. 
R. T. 1873, p. X. 



Abich, 

G. Armen. Hochl., 

1882, p. 36. 
R. T. 1884, p. Lxviii. 



Pitchstone. 



InW. T.,p. 177, 
No. 38, 
lassenose. 



Drie<l before 

analysis. 
H^O-f =0.27. 



Near 

kallerudose. 



6623— No. 28—04- 



A4. IV 
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ORDER 4. QUARDOFELIC. BRITANNARE-Concinued. 

SUBRANG 5. PERSODIC. MARII*OSOSE. 



Inclusive. 



Norm. 



Q 25.6 

or 5.6 

ab51.9 

i an 12. 2 

i C 1.6 



hy 1.9 



Locality. 



Analyst. 



Pascolax, 
Inland Hochland, 
Finland. 



Lemberg. 



Reference. 



Li»mberg, 

Arch. Nk. Livl., IV, 

p. 383, 1867. 
R T. 1869, p. XLii. 



, Author's name. 



Granite. 



Remarks. 



SUBRANG 8. 80DIP0TASSIC. AMIATOSE. 



Q 21.0 di 0.8 

I or 27. 8 hy 9.5 

I ub21.5 mt 1.6 
! an 15. 6 



! Q 28.0 

I or 26. 7 

ab21.0 

an 15. 9 



di 1.9 
hy 2.0 
mt 1.9 
il 0.6 
hml.O 



Flogda Quarry, i 

BDiidkyrkasocken, i 
Sweden. I 



Barr-Andlau, 
V<>ge«*n. 



M. Stolpe. M. Stolpe, 

; Sv. G. Und., 

XXXI, p. 20, 1869. 
R. T. 1873, p. X. 

Unger. ; H. Roeenbusch, 

I Steig. Schiefer, 
I 1877. p. 147. 
I R. T. 1879, p. XIV. 



Granite. 



I Granitite. 



Near toscanose. 
Nearly in do- 
ealane. 



SUBRANG 4. DOSODIC. YELLOWSTONOSE. 



Q 22.0 

or 11.7 

I al^30.9 

I an 31^5 

I C 1.5 



I Q 27.6 
I or 9.5 
i ab31.4 
an 22. 2 
1 C 0.9 

' Q 23.3 
'or 6.7 
I ab33.0 
I an 25. 6 

I 



hy 3.0 Mount Taiumbina, 
mt 5.8 p__, '' * 

il 0.8 ^^'^• 



hy 3.8 Nagv-Sebes, 
hmo.*8 Siebenburgen, 
Hungary. 



dl 0.4 Dognacska, Banat, 
mt4:2 Hungar>\ 



C. Hoepfner. 



C. Doelter. 



Niedzwiedzki. 



c. 


Hoepfner, 




1 Dacite. 


InW.T.,p.l91. 
No. 47, yellow- 




N. J., 1881, 


n. 






p. 189. 






stonose. 


R 


. T. 1884, p. 


LXVI. 






C. 


Doelter, 
T. M. P. M. 
p. 93. 


, 1873, 


. Dacite. 




R 


. T 1879, p. 


LXIV. 


1 





I 



Niedzwiedzki, 
' T. M. P. M., 1873, 
I p. 256. 
I R. T. 1879, p. XXXII. 



Quartz-diorite. Near tonalose. 



ORDER 5. PERFELIC. CANADA RE. 

SUBRANG 4. DOSODIC. NORDMARKOSE. 



, Q 4.5 
' or 32. 8 
' ab53.5 



ac 3.7 Hohenburg, 
^*, J;J n.Berkum, 



I 



Laspeyres. 



Rhenish Prussia. i 



Lasjpeyres, 
\ n. Nh. Ver. Bonn, 
X, p. 394, 1883. 

R. T. 1884, p. XLviii. 




Near phlegroee. 



SUBRANG 3. SODIPOTASSIC. PULASKOSE. 



CI 



01 0.82 



I Q 8.1 

I or 40. 

1 ab28.8 

an 11.7 



I Q 5.5 

I or 40. 

I ab37.2 

an H.3 

C 3.2 



Q 6.7 
i or 38. 4 
, ab32.5 
, an 9.5 
I so 4.9 



I Q 3.8 
or 44. 5 
ab34.6 
an 7.8 



Q 8.3 
or 42.3 
ab28.8 
an 9.5 
C 3.2 



dl 2.2 Arzbacherkopf, 
mUl! Wester^-aia. 



hv 3.1 
mt 3.3 



Monte Tabor, 
Isehia. 



(.Tuml>el. 



C. W. C. Fuchi-. I 



I 



^i 0.9 Monte Vetta, Isehia. • C. W. C. Fuchs. 

hy 3.1 
mt 4.6 



di 0.5 Punta della Cima, C.W.C. Fuchs. 
mt 4. 4 iscnia. 



hy 3.8 Marecocco, Isehia. , C. W. C. Fuchs. 

mt 4.4 



Guinl>el, 

Sb. Miinch. Ak., 

1882, p. 220. 
R. T. 1884, p. L. 

C. W. C. Fuche, 
T. M. P. M., 1872, 
p. 229. 

R. T. 1873, p. XXXVI. 

('. W. C. Fuchs, 
T. M. P. M., 1872, 
p. 232. 

R. T. 1873, p. XXXVIII. 

C. AV. V. Fuchs, 
T. M. P. M.. 1872. 
p. 2.30. 

R. T. 1873, p. XXXVI. 

C. W. C. Fuchs, 
T. M. P. M., 1872, 
p. 229. 

R. T. 1873, p. XXXVI. 



I Trachvte. 

I 



Trachvte. 



Trachvte. 



Trachvte. 



Trachyte. 



86 



1 

A3. Ill 

2 

A3, m 

3 

A3, ni 

4 
C3. V 



SUPERIOR ANALYSES OF IGNEOUS ROOKS 

CLASS I. PERSALANE— Continued. 
RANG 2. DOMALKAUC. PULASKASE-Continued. 



No. 


SiO, 


AlA 


FeA 


FeO 
2.43 


MgO 


CaO 


Na,0 


K^O 


H2O 


CO, 


TiO, 


PA 


Mno 


Sum Sp. gr- 


6 


60.77 


19.83 


4.14 


0.34 


1.63 


4.90 


6.27 


0.24 






trace 


trace 


100.55 


2.44 


AS. m 


1.013 


.194 


.026 


.033 


.009 


.029 


.079 


.067 








— 








7 


69.12 


2L46 


2.68 


2.72 


0.84 


2.16 


3.78 


7.66 


0.25 






trace 




100.67 




A3. Ill 


.985 


.210 


.017 


.038 


.021 


.039 


.061 


.082 

















RANG 2. DOMALKALIC. PULASKASE. 



61.05 ; 18.35 

1.018 .180 

61.47 18.09 



1.025 



.177 



61.43 17.51 



1.024 



.171 



60.24 j 20.28 

1.0(M .198 

I 



4. 21 ' 2. 12 0. 90 2. 05 5. 94 5. 28 0. 32 



.029 



.023 



.037 



.096 



5.14 3.06 1.32 ! 3.00 I 5.85 



.032 

5.11 

.032 



.043 I 

2.30 I 

.032 ' 



0.54 

.014 



.053 

2.45 

.044 



.094 

6.22 

.100 



2.32 I 3.88 0.50 1.96 I 7.80 4.28 I n.d. 



.(m , 



2.83 n.d. 



3.95 n.d. 

.042 ' 



.014 , 



.013 I .036 



.126 1 



.046 j 



trace 



0.04 100.26 
.001 



I 



100.76 



99.51 



101.26 



2.53 



2.72 



2.34 



CLASS I. PERSALANE. 

RANG 1. PERALKALIC. MIASKA8E. 



1 




56.43 


20.58 


2.88 


1.28 


0.28 


1.45 


8.62 


4.23 


2.90 


A2. 


II 


.941 




.202 


.018 


.018 


.(07 


.026 


.139 


.045 




2 




55. 92 


20 


a5 


2.16 


0.94 


0.62 


2.21 


8.35 


4.83 


3.51 


A2. 


II 


.932 




.200 


.014 


.013 


.016 


.039 


.135 


.av2 




3 




55.01 


21 


67 


1.95 


1.86 


0.13 


2.12 


9.78 


3. 54 


2.17 


A2. 


II 


.917 




. 212 


.012 


.026 


.003 


.038 


.158 


.037 




4 




55.21 


21 


78 


2.06 


2.01 


0.13 


2.10 


10.64 


3.48 


2.07 


A2. 


II 


.920 




.213 


.013 


.028 
1 


.003 


.038 


.172 


.037 




5 




56. 30 


24 


14 


1.99 


n.d. 


0.13 


0.69 


9. 28 


6.79 


1.58 


A4. 


IV 


.938 


21 


.236 

03 


.013 




(. 026 ) 


.Ufti 
RANG 

0.91 


.013 .ir>o 

2. DOMALKALIC. 
3.57 1 7.64 


.072 

VIEZZEN 
4.42 










3.04 


ASE. 


1 




55.40 


1.64 


0.95 


A2. 


II 


.923 




.206 


.010 


.042 


.023 


.064 


.123 


.047 




2 




48.46 


21 


.81 


2.17 


3.75 

I 


0.68 


4.58 


8.41 


5.86 


2.08 


A8. ni 


.808 




.214 


.014 


.052 1 


.017 


.082 


.135 


.063 





trace 0. 06 1 0. 66 | 99. 66 i 2. 499 

■ ' .009 I 

I ' 

0. 18 0. 50 100. 04 j 2. 452 

.001 I ,007 I ! 

0.27 ' 0.08 ; 0.22 : 99.41 I 2,513 
.003 ■ .001 ! .oa3 



trace 



trace i 100. 00 



I 



100. 90 2. 48 



0.43 0.23 trace 99. a'J 2.54- 

2.59 

.005 .002 



trace 



100.90 
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ORDER 6. PERFELIC. CANADARE Continued. 

8UBRANO 3. SODIPOTASSIC. PULASK08E— Continued. 



Inclusive. 


Norm. 


Locality. 


Analyst. 


Reference. 


Author's name. 


Remarks. 




Q 3.8 hy 1.8 
or 37. 3 mt 6. 
ab41.4 
an 8.1 
C 1.9 

Q 0.4 hy 4.9 
or 45. 6 mt 3. 9 
ab 32. 
an 10. 8 
C 2.9 


Monte Rotaro, Ischia. 
Panza, Ischia. 


C. W. C. Fuchs. 
C. W. C. Fuchs. 


C. W. C. Fuchs, 
T.M. P.M., 1872, 
p. 232. 

R. T. 1873, p. xxxvm. 

aW.C.Fuchs, 
T.M. P.M., 1872, 
p. 230. 

R. T. 1873, p. xxxvi. 


Trachyte- 
obsidian. 

Trachyte. 





SUBRANG 4. D080DIC. LAURVIKOSE. 



Q 0.3 
or 31.1 
ab 50. 3 
an 7.8 



Q 7.9 
or 16. 7 
ab49.3 
an 14. 7 



Q 5.0 
or 23. 4 
ab52.4 
an 8.1 



or 25.6 
ab50.3 
an 7.2 
ne 8.5 



di 2.0 ' 
hy 1.8 I 
mt 6.0 



Monte deirimpera- 
tore, Ischia. 



<1* 4.7 Montania Grande, 
°^* '-^ Pantelleria. 



di 3.3 
mt 7.4 



dl 2.4 
ol 4.1 
mt 3.2 , 



Porto Scauri, Pantel- 
leria. 



Montagna Grande, 
Pantelleria. 



C. W. C. Fuchs. 



H. Forstner. 



H. Forstner. 



E. M aegis. 



C. W. C. Fuchs, 
T.M. P.M., 1872, 
p. 231. 

R. T. 1873, p. xxxvm. 

H. Forstner, 

Z. K., VIII, 

p. 155, 1884. 
R. T. 1884, p. Lxviii. 

H. Forstner, 

Z. K., VIII, 

p. 164, 1884. 
R. T. 1884, p. LXVIII. 

H. Forstner, 

Z. K., VIII, 

p. 155, 1884. 
R. T. 1884, p. LXVIII. 



Trachvte. 



Augite-andesite. 



Augite-andesite. 



Augite-andesite. 



Near polaskose. 



InW.T.,p.203, 
No. 24, laor- 
vikose. 



InW.T.,p.20a, 
No. 25, laup- 
vikose. 



In W.T.,p.203, 
No. 26, laup- 
vikoee. 



ORDER 6. LENDOFELIC. RUSSARE. 
SUBRANG 4. DOSODIC. MIASKOSE. 



ZrO» 


trace 


or 25.0 


di 1.7 


Magdebei^, Hegau, 


G. F. Fuhr. 


G. F. Fohr, 


Phonolite. 


InW.T.,p.21I, 


CI 


0.22 
0.07 


ab 45. 1 
an 5.0 


mt 4.2 


Germany. 




In. Diss., Wurzburg, 




No.40,mia8k- 


P 


trace 


ne 15. 1 








1883, p. 32. 




ose. 


U^ 


trace 










R. T. 1884, p. Liv. 






^ 


0.28 


or 28. 9 


di 3.4 


Staufen, Hegau. 


G. F. Fohr. 


G. F. Fohr, 


Phonolite. 


InW.T.,p.211, 


CI 

p 


0.06 
trace 


ab35.6 
an 3.6 


wo 2.3 
mt 3.2 






In. Diss., Wurzburg, 




No. 41, miask- 


Li,0 


trace 


nel9.0 








1883, p. 28. 




ose. 


Cu 


0.18 










R. T. 1884, p. Lii. 






??* 


0.41 


or 20. 6 


di 3.4 


Hohentwiel, Hegau. 


G. F. Fohr. 


G. F. Fohr, 


Phonolite. 


InW.T.,p.213, 


CI 
F 


0.08 
trace 


ab 4U. 9 
an 6.1 


wo 0.8 
mt 2.8 






In. Diss., Wurzburg, 




No. 42, miask- 


NiO 


trace 


no 18. 5 


il 0.5 






1883, p. 28. 




ose. 


Cu 


0.12 


no 2.6 








R. T. 1884, p. LII. 






Zn 


trace 














??* 


0.46 


or 20. 6 


di 4.4 


Hohentwiel, Hegau. 


Bemath. 


Bernath, 


Phonolite. 


Cf. No6. 40-42, 


d 

140 


0.07 
trace 


ab38.8 
an 1.1 
ne27.8 


wo 1.9 
mt 3.0 






Btr. Kenntn. Phon. 
Hohentw., Berne, 
1877, p. 41. 
R. T. 1879, p. LViii. 




miaskose, W. 
T., p. 213. 






or 40.0 
ab21.5 
an 8.6 


ol 2.9 


Ditro, Siebenburgen, 


Fellner. 


Fellner, 


Ditroite. 


Cf. No. 46, mi- 








Hungary. 




Vh. Wien..G.R.-A., 




askoee, W. T., 






neSl.O 








1867, p. 286. 
R. T. 1869, p. LX. 




p. 213. 










SUBRAN 


G 4. DOSODIC. VI 


EZZENOSE. 






??• 


0.67 


or 26.1 


di 6.6 


Campanario, Palma, 


Mardner. 


Sauer, 


Homblende- 


Calc. from soL 


Cl 
8 


trace 
trace 


ab88.5 
an 10.0 
nel6.8 


ol 2.9 
mtO.9 
11 0.8 


Canary Islands. 




Unters. Phon. Geet 
Oanar., 1876, p. 60. 
R. T. 1879, p. LXVL 


andesite. 


and insol. 


fP* 


2.97 


or 85.0 


di 6.4 


Sant' Antao, 


Kertscher. 


C. Doelter, 


Leucitophyre. 


Near essexose. 


CI 


0.18 


ab 7.9 
an 16. 8 
ne 0.8 
80 1.9 
no 26. 3 


ol 2.6 
mt8.8 


Cape Verde. 




Die Capverden., 1882, 
p. 21. 
R. T. 1884, p. Lxii. 







DUl-JLALUK JSinJSLljlSJLD Ur ll*i?l UVUO tti^«JJLD. 



CLASS I. PERSALANEi 

RANG I. PERALKALIC. VARINGA8E. 



No. 


SiO, 


A1,0, 


• 

FeA 


FeO 


MgO 


CaO 


Na,0 


K,0 
5.11 


H,0 


CO, 


TiO, PA 

i 


MnO Sum Sp.gr. 


1 


68.54 


9.49 


8.60 


3.23 


0.42 


0.54 


3.14 


0.30 




1. 36 1 trac-e 


\ 100. 73 2. 789 


A2.II. ' 


1.142 


.098 


.054 


.044 


.011 


.010 


.061 1 .064 j 

1 1 




.017 


— 


\ lep 


2 


70.30 


6.32 


9.23 


1.40 


0.89 


0.84 


7.70 


2. 50 j 0. 82 








1 
100.00 2.69 


A8.in. 


1.172 


.062 


.057 


.019 


.022 


.016 


.124 


.026 










1 1 

1 1 

1 














RANa^2 


DOMALKALIC. 






1 


72.32 


13. 37 


0.67 


• 2.34 J 


3.67 


1.88 


2.76 


1 
2. 30 0. 68 








99. 79 1 


AS. III. 


1.205 


.131 


.004 


.082 


.089 


.084 


.045 


.024 










1 
















RANG 4. DOCALCIC. 






1 


66.88 


11.69 


1.68 


8.94 


3.65 


1 
5.45 


1.25 


0.20 


1.03 


taraoe 


i 
trace 


i 100.67 




A8.ni. 


1.115 


.115 


.011 


.124 


.089 


.097 


.020 


.002 


1 

1 


— 


1 





CLASS II. DOSALANE. 
RANG 1. PERALKAUC. PANTELLERA8E. 



1 


71.50 


10.79 


3.52 


2.88 


0.31 


0.15 


2.76 


6.87 


1.00 1 0.13 


0.25 




0.30 


100.46 




A2.II. 


1.192 


.106 


.022 


.040 


.008 


.008 


.045 


.073 


1 


.008 




.004 







RANG 1. PERALKALIC. PANTELLERASE. 



1 


65.80 


12.80 


6.64 


0.18 


L78 


2.92 


4.16 


4.40 


1.20 










99.88 




A8.m. 


1.097 


.126 


.041 


.008 


.046 


.062 


.067 


.047 
















2 


68.75 


11.40 


4.30 


3.30 


1.46 


1.24 


5.37 


4.22 


0.30 




in SiO, 




trace 


100.34 




A8.m. 


1.146 


.112 


.027 


.046 


.087 


.022 


.087 


.046 
















3 


69.61 


8.02 


7.17 


2.83 


0.65 


0.88 


7.47 


2.88 


0.74 










100.25 


2.44 


A8.m. 


1.160 


.078 


.045 


.039 


.016 


.016 


.120 


.081 
















4 


69.02 


10.09 


4.42 


4.56 


0.76 


1.45 


6.29 


3.70 


n.d. 










100.58 


2.46 


A8.m. 


1.150 


.099 


.027 


.068 


.019 


.026 


.101 


.089 
















6 


68.33 


10.94 


3.74 


5.41 


0.16 


1.36 


7.09 


4.08 


n.d. 










101.36 


2.48 


B8.IV. 


1.189 


.107 


.028 


.075 


.004 


.024 


.116 


.044 
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ORDER 3. QUARFELIC. HISPANARE. 

8TJBRANG 3. 80DIPOTA88IC. VARING08E. 



Inclnsive. 


Norm. 


Locality. 


Analyst. 


Reference. 


Author's name. 


Remarks. 


Cl trace 
CuO trace 


Q 81.0 
or 80.0 
ab20.4 

Q 29.1 
or 14.5 
abl8.9 


ac 5.5 
di 2.2 
mt 6.3 
11 2.6 
hm2.4 

ac26.2 
ns 8.9 
di 3.5 
hy 3.1 


Aitendiez, Nassau. 

Khartibugal, 
Pantelleria. 


Senftner. 
H. Forstner. 


J. Petersen, 

N. J., 1872, p. 693. 
R. T. 1873, p. XII. 

H. Forstner, 

Z. K., VIII, 

p. 173, 1884. 
R. T. 1884, p. Lxvi. 


Felsite- 
porphyry. 

Pantellerite. 


InW.T.,p.219, 
No. 4, varing- 
ose. 



SUBRANG 4. D080DIC. 



Q 86.4 hyl2.6 
or 18. 8 mt 0. 9 
ab28.6 
an 9.5 
C 2.9 



Fabbiasco, n. Lugano, 
Piedmont. 



Slaytor. 



T. Harada, 
N. J. B. B., 
p. 42, 1883. 
R.T. 



1884, p. xviii. 



Felsophyre. 



Alkalies low? 



SUBRANG 4,5. PRESODIC. 



Q 85.5 
or 1.1 
ablO.5 
an 25. 9 



di 0.9 
hy28.4 
mt 2.6 



Little Falls, 
Minnesota. 



Streng. Streng, 

N. J., 1877, p. 230. 
I R. T. 1879, p. XXXVI. 



Quartz-diorite. 



ORDER 4. QUARDOFELIC. AU8TRARE. 
SUBRANG 2. DOPOTA88IC. 



Q 28.2 
6r40.6 
abl7.3 



ac 5.5 
di 0.7 
hy 4.0 
mt 2.8 
11 0.5 



Monte Mufetto, 
Serimando Valley, 
Bergamask Alps. 



Giimbel. 



Giimbel, 

Sb. Munch. Ak., 1880, 

p. 189. 
R.T. 1884,p.xviii. 



Felsite- 
porphyry. 



Near omeose. 



SUBRANG 3. SODIPOTA88IC. GRORUDOSE. 





Q 18.5 
or 26.1 
ab85.1 
an 3.1 


di 8.9 
hy 0.4 
mt 0.7 
hm6.1 




Q 17.8 
or 25.0 
ab85.1 


ac 9.2 
di 5.1 
hy 6.8 
mt 1.6 




Q 24.8 
or 17. 2 
ab24.6 


ac20.8 
ns 8.5 
di 8.8 
hy 4.8 


CnO 0.29 


Q 19.6 
or 21.7 
ab81.4 


acl2.1 
ns 1.7 
di 6.8 
hy 7.0 


CnO 0.25 


Q 14.5 
or 24. 5 
ab83.0 


aclO.6 
ns 4.9 
di 6.0 
hy 7.1 



Urrismenagh, 
County Donegal, 
Ireland. 



Balduinstein, 
Hesse-Nassau. 



Khartibugal, 
Pantelleria. 



Cuddia Mida, 
Pantelleria. 



Khania, 
Ptotelleria. 



8. Haughton. 



Gumbel. 



H. Forstner. 



H. Forstner. 



I 



H. Forstner. 



S. Haughton, 
! Tr. R. Ir. Ac, 
1 XXIV, 1866. 

R. T. 1869, p. XLVi. 

Gumbel, 

Sb. Munch. Ak., 

1882, p. 210. 
R. T. 1884, p. XVI. 

H. Forstner, 
Z. K., VIII, 
p. 173, 1884. 

R. T. 1884, p. LXVI. 

H. Forstner, 
Z. K., VIII, 
p. 182, 1884. 

R T. 1884, p. LXVI. 

H. Fdrstner, 
Z. K., VIII, 
p. 170, 1884. 

R. T. 1884, p. LXVI. 



Granite. 



Felsite- 
porphyry. 



Iron oxides? 



Pantellerite. In W. T. , p. 224, 

I No. 7, groru- 
dose. 



I 



Pantellerite. In W. T., p. 221, 
No. 8, grora- 
dose. 



P&ntellerite. 



Not m W. T 



40 



No. 



1 
B3. IV 

2 

A3, ni 

3 

A2. II 

4 

A3, ra 



SUPERIOR ANALYSES OF IGNEOUS ROCKS. 

CLASS II. DOSALANE— Continued. 
RANG 1. PERALKALIC. PANTELLERASE-Continued. 



SiOj 1 A1,0, I Fe^Og | FeO MgO CaO Na,() 



1 


65.93 


11.33 


4.65 


4.69 


1.10 


A3, m 


1.099 


.111 


.029 


.065 


.028 


2 


67.89 


11.53 


4.51 


4.52 


0.62 


A3. Ill 


1.132 


.113 


.028 


.062 


.016 


3 


67.48 


9.70 


7.42 


2.21 


0.77 


A3. Ill 


1.125 


.095 


.046 


.030 


.019 


4 


67.18 


14.18 


4.00 


2.48 


0.34 


A3. Ill 


1.120 


.139 


.025 


.085 


.009 



.027 ; 
1.45 

.026 

2.78 

.050 



.074 



5.79 



7.21 

.116 
5.89 

.095 



K,0 H,0 CO2' TiO, PA MnO Sum 



Sp.gr. 



3.44 


1.83 


.036 




3.71 


0. 33 


.039 





2. 94 : 0. 96 I 
.031 I 

4.01 ' i 

i 

.043 



99.91 



100.41 2.43 



100.14 



100.86 



2.68 



2.40 



61.93 

1.082 

64.94 
1.082 

64.65 

1.078 

66.57 

1.110 



13.18 



.129 I 

1 

17.50 j 
.171 ! 

14.13 



15.59 I 

.162 i 



3.63 


2.31 


.023 


.032 


0.69 


3.94 


.004 


.055 


5.24 


3.02 


.033 


.042 


0.37 


4.25 


.002 


.059 



RANG 2. DOMALKALIC. DACASE. 

4.59 3.48 2.67 i 6.11 1.14 

.115 .063 I .044 I .065 , 

! ! ' ■ 

2.83 i 2.59 I 3.44 I 3.11 1.36 



1.41 j 1.65 

I 
.035 .030 

I 



,1 



2.78 I 5.26 1.97 I 0.29 

.045 I .056 ' 



I 



1.88 I 1.85 I 3.69 i 5. 27 1 0.62 trace 



1 



0.50 ' 

.006 

I 



trace 1 trace 



.047 



.033 I 



.060 , 



99.04 




100.40 


2.72 


100.90 


2.659 


100.09 


2.637 



RANG 2. DOMALKALIC. DACASE. 



1 


65.27 


15.76 


1.36 


3.44 


2.14 


3.70 


4.57 


3.97 


0. 42 1 0. 26 i 100. 89 

1 < 1 




A8. ra 


LO88 


.154 


.009 


.048 


.054 


.066 


.074 


.043 




1 •«« 

1 




2 


56.59 


12.41 


5.39 


10.28 


2.02 


6.70 


4.27 


L02 


1 
1.45 1 trace 


0. 22 0. 44 




100.79 




A2.n 


.943 


.122 


.034 


.143 


.051 


.120 


.069 


.012 


i 


.003 .003 

1 






3 


63.49 


12.42 


6.41 


1.34 


1.32 


4.17 


4.90 


1.78 


2.88 






trace ; 0.85 


99.56 


2.62 


A8.ra 


1.068 


.121 


.040 


.018 


.033 


.075 


.079 


.019 






— .012 




ISP 


4 


64.39 


15.99 


1.47 


5.98 


1.67 


2.57 


4.96 


2.46 


0.76 






trace 


trace 


99.25 




B8. IV 


1.073 


.156 


.009 


.083 


.042 


.046 


.080 


.027 
















5 


67.74 


13.04 


4.48 


3.81 


LOl 


3.08 


4.80 


1.55 


0.88 










100.39 




A8.m 


L129 


.128 


.028 


.053 


.025 


.066 


.077 


.017 












• 




6 


70.17 


n.io 


1.92 


2.86 


1.23 


3.34 


3.77 


3.23 


1.87 










99.49 




A3, ra 


M70 


.109 


.012 


.040 


.031 


.060 


.061 


.084 
















7 


60.78 


16.90 


4.79 


4.11 


2.89 


L50 


4.01 


2.69 


2.84 










100.51 


2.608 


A3.IU 


LOIS 


.166 


.030 


.067 


.072 


.027 


.065 


.029 

















DOSALANE DAC08E. 
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ORDER 4. QUARDOFELIC. AUSTRARE— Continued. 
SUBRANG 4. D080DIC. PANTELLEROSE. 



Inclusive. 



Norm. 



Locality. 



Q 13.3 
or 23. 9 



Q 19.9 di 9.6 

or 20.0 hy 2.7 

ab38.8 mt6.7 
an 0.3 



Yxsta, Sect. 5rebro, 
Sweden. 



Q 16.9 ac 8.8 1 
or 21. 7 di 6.5 i 
ab38.8 hy 6.3 
mt 2. 1 I 



Q 17. 4 ac 21. 3 

or 17. 2 ns 0.8 

ab33.5 di 6.2 

hy 2.8 



Monte San Elmo, 
Pantelleria. 



Monte San Elmo, 
Pantelleria. 



di 4.4 I Cala Porticello, 

wo 3.6 Pontpllprift 

ab4».8 mt 6.8 lanieiiena. 

an 0.3 



Analyst. 



Hasselbom. 



H. Forstner, 



H. Foratner. 



H. Foratner. 



Reference. 



Gumiilius, 

Sv.G.Und.,XLVIII, 

p. 18, 1878. 
R. T. 1879, p. XIV. 

H. Foratner, 

Z. K., VIII, 

p. 186, 1884. 
R. T. 1884, p. Lxvi. 

H. Foratner, 

Z. K., VIII, 

p. 186, 1884. 
R. T. 1884, p. LXVI. 

' H. Foratner, 
' Z. K., VIII, 
i p. 133, 1883. 

I R. T. 1884, p. L. 



i Author's name. 
Granite. 



I 



Pantellerite. 



Pantellerite. 



I Liparite. 



Remarks. 



InW.T.,p.221, 
No. 3, pantel- 
lerose. 



InW.T.,p. 221. 
No. 4, pantel- 
leroee. 



Not in W. T 



SUBRANG 3. SODIPOTASSIC. ADAMELLOSE. 



CuO 



trace 



Q 10.3 
or 36.1 
ab23.1 
an 6.6 



Q 21.0 
or 18. 4 
ab28.8 
an 12. 8 
C 3.8 

Q 22.4 
or 31. 1 
ab23.6 
an 8.3 

I C 0.7 

I Q 14.6 
i or 31. 1 
ab31.4 
I an 9.2 
'■ C 0.3 



di 9.4 
hy 8.3 
mt 6.3 



hyl3.8 
mt 0.9 



hy 3.9 
mt 7.7 
11 0.9 



Laveline, Vogeeen. 



Lippenhof, n. Try- 
berg,r ' 
Baden. 



, Schwarzwald, 



Corallchen, 
n. Liebenstein, 
Thuringia. 



hyi2.2| Kirche Wange, 
°^^«-^l Silesia. 



van Werveke. 



Gattermann? 



G. Pringsheim. 



O. Jung. 



H. Rosenbusch, 
I N. J., 1881, I, 
p. 235. 
R. T. 1884, p. XIV. 

G. H. Williams, 
N. J. B. B., II, 
p. 624, 1883. 

R. T. 1884, p. XXX. 

G. Pringsheim, 
Z. D. G. G., XXXII, 

p. 144, 1880. 
R. T. 1884, p. XVI. 

0. Jung, 
Z. D. G. G., XXXV, 

p. 830, 1883. 
R. T. 1884, p. XVI. 



Granite. 



Quartz-diorite- 
porphyry. 



i Granite- 
I pori)hyry. 



Near dacase, cf. 
No. 12, adam- 
ellose, W. T., 
p. 223. 

Near toscanose. 



Granite- 
porphyry. 



Near toscanose. 



I 



SUBRANG 4. DOSODIC. DACOSE. 




I 



di 6.7 Watab, Minnesota. Streng. 
hy 6.8 ; ' ^ 

mt 2.0 



Q 12.2 
or 16.0 
ab41.9 
an 12. 8 
C 0.3 

Q 26.6 
or 9.5 
ab40.4 
an 9.5 



Q 28.0 
or 18. 9 
ab82.0 
an 3.9 



Q 17,8 
or 16. 1 
ab34.1 
an 7.5 
C 4.6 



di 16.4 Sauk Center, 
^^7:^1 Minnesota, 
ap 1.0 



di 7.2 I Yate Volcano, 
-?2ii Patagonia. 
hm3.6 I 



mV2 1 I P®*«^^®^' Scotlaiid. 



di 4.9 I Finaker, 
^y 11 ' Sect. Linde, 
Sweden. 



di 10.6 Klausen, 
SS it Vildarthal, 
Tyrol. 



hyio.8 Suldenfemer, 
°*^ ' ^ Mte. Cevedale, 
Tvrol. 



Streng. 



H. Zl 

specJ 



A. Phillips. 



HmnmeL 



von John? 



von John. 



Streng, 

N. J., 1877, 

p. 230. 
R. T. 1879, p. XXXVI. 

Streng, 

N. J., 1877, 

p. 227. 
R. T. 1879, p. XXXIV. 

H. Ziegenspeck, 

In. Dies., Jena, 1883, 

p. 46. 
R. T. 1884, p. Lxxii. 

A. Phillips, 

Q. J. G. S., XXXVI, 

p. 13, 1880. 
R. T. 1884, p. XIV. 

Hummel, 

Sv. G. Und., 

XLVII, p. 16, 1873. 
R. T. 1879, p. XIV. 

Teller and von John, 
Jb. Wien. G. R-A., 
XXXII, p. 653, 1882. 

R. T. 1884, p. xxviii. 

Stache and von John, 
Jb. Wien. G. R-A., 
XXIX, p. 403, 1879. 

R. T. 1884, p. xxxiv. 



Quartz-<iiorite. 



Quartz-diorite. 



Augite- 
andesite. 



granite. 



Granite. 



Quartz-diorite. 



Quartz- 
porphyrite. 



I Near 

I adamelloee. 



Near III, 4,2,4: 



InW.T.,p.227, 
No.ll,aacoee. 



Cf. No. 10, tos- 
canose. 
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SUPERIOR ANALYSES OF IGNEOUS ROCKS. 



CLASS II. DOSALANE— ContiniiecL 

RANG 3. ALKALICALCIC. TONALA8E. 



No. 


SiO, 


AlA 


Fe,03 


FeO 


MgO 


CaO 


Na,0 
2.67 


1 

K,0 H,0 ' CO, 1 TiO, 

i 


PA MnO 


Sum 


Sp.gr. 


1 


57.88 


15.20 


7.50 


1.35 


6.34 


4.81 


3.03 J L04 










99.82 




AS. Ill 


.965 


.149 


.047 


.019 


.169 


.086 


.044 


.032 1 














2 


66.32 


18.26 


3.7a 


4.28 


4.15 


6.13 


2.37 


2. 67 1 2. 22 










100.10 




A8.ra 


.989 


.179 


.023 


.060 


.104 


.109 


.089 


.029 
















3 


62.75 


17.11 


2.20 


5.61 


0.77 


4.57 


2.57 


4.41 


0.60 










100.49 




A8.m 


1.046 


.168 


.014 


.078 


.019 


.082 


.042 


.047 
















4 


67.02 


16.52 


3.26 


6.27 


2.42 


8.64 


2.38 


2.54 


L28 










100.32 


2.703 


A8.m 


.960 


.162 


.020 


.088 


.061 


.154 


.089 


.027 

















RANG 3. ALKAUCALCIC. T0NALA8E. 



1 


60.32 


16.92 


6.88 


L40 


3.52 


5.64 


3.83 


2.42 


■ 
0.44 1 








100.37 




A8.m 


1.005 


.166 


.096 


.019 


.087 


.101 


.061 


.026 
















1 


69.97 


16.93 


2.41 


4.83 


3.61 


6.10 


3.87 


1.32 LOO 










99.64 




A8.m 


LOOO 


.166 


.015 


.067 


.090 


.091 


.068 


.014 
















2 


69.96 


17.36 


L44 


6.59 


2.88 


6.75 


3.30 


1 

2.08 L42 










100.76 


2.776 


A8.m 


.999 


.170 


.009 


.078 


.072 


.121 


.053 


.022 
















3 


66.86 


16.70 


6.92 


7.13 


3.25 


5.97 


2.78 


L91 


0.64 










101.06 




B8.IV 


.948 


.164 


.087 


.099 


.081 


.107 


.045 


.020 
















4 


68.01 


18.19 


3.40 


2.89 


3.01 


7.55 


3.92 


1.39 


1.60 










99.96 




A8.m 


.967 


.178 


.021 


.040 


.075 


.136 


.063 


.015 

















RANG 4. DOCALCIC. BANDASE. 



1 


62.02 


17.14 


7.96 


3.62 


3.13 


n.57 


2.38 


0.60 


0.28 






trace 


trace 


99.46 


2.76 


AS. in 


.867 


.168 


.060 


.049 


.078 


.207 


.039 


.006 








— 






lep 


2 


66.20 


16.26 


7.74 


6.09 


3.21 


9.50 


2.70 


0.62 












100.32 




AS. in 


.987 


.160 


.048 


.071 


.080 


.170 


.044 


.006 
















3 


6L37 


16. 76 


4.06 


2.94 


2.86 


7.27 


3.04 


0.71 


2.64 




• 






100.65 


2.72 


AS. in 


1.023 


.164 


.026 


.041 


.072 


.130 


.049 


.008 
















4 


67.82 


18.00 


2.15 


3.47 


3.16 


1L90 


2.34 


0.97 


L03 










100.84 




AS. Ill 


.964 


.176 


.014 


.049 


.079 


.213 


.038 


.010 

















D08ALANE BANDOSE. 
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ORDER 4. QUARDOFELIC. AUSTRA RE— Continued. 

SUBRANG 8. 80DIP0TASSIC. HARZOSE. 



Inclusive. 




Norm. 



Q 11.5 di 2.8 ; 

or 17.8 hyl4.6 I 

ab23.1 mt 4.4 

an 20. 3 hm4.5 , 



Q 10.3 
or 16. 1 
ab20.4 
an 30. 3 
C 0.2 



by 15. 3 
mt 5.3 



Q 16.1 di 0.7 

or 26.1 by 9.9 

ab22.0 mt3.3 
an 22.0 



Q 10.5 di 18.5 

or 15.0 by 8.3 

ab20.4 mt4.6 
an 26. 7 



Locality. 



I 



Analyst. 



West Aston, 
County Wicklow, 
Ireland. 



8. Haughlon 



Gaddviken, ' Tomebohm. 

Animskogssocken, 
Sweden. i 

! 

Launa Korkia, , Lemberg. 

Island Hochland, i 

Finland. I 

I 

I 

Hintere Gratspitze, | von John. 
Mte. Cevedale, ! 

Tvrol. I 



I 



Reference. 



Author's name. 



I 

-I- 

' S. Haughton, ' Greenstone 

' Tr. R. Ir. Ac, XXIII, ' (diorite). 
i P^ 619, 1859. 



I 



, R. T. 1869, p. Lxiv. 

Tomebohm. 

Sv.G. Und., 

XXXIV, p. 31, 1870. 
R. T. 1873, p. xviii. 

Lemberg, 
i Arch. Nk. Livl., 
; IV, p. 179, 1867. 
i R.T. 18e9,p. LXIV. 



I 



Stache and von John, 
Jb.Wien.G.R-A., 
XXIX, p. 395, 1879. 

R. T. 1884, p. XXXIV . 



1 



Diorite. 



Labradorite- 
porphyry 
(diorite). 



i Suldenite. 



Remarks. 



Iron oxideet? 
Cf . No. 2, 
shofihonose. 



Near II. 6. 4. 3. 



SUBRANG 4. D080DIC. T0NAL08E. 



Q 18.3 
or 18.9 
ab82.0 
an 22. 2 



Q 18.1 
or 7.8 
ab88.0 
an 24.7 



Q 11.5 
or 12. 2 
ab27.8 
an 26.4 



Q 12.5 
or 11.1 
ab28.6 
an 27. 5 



Q 10.2 
or 8.3 
ab33.0 
an 27. 8 



di 4.5 
by 6.6 
mt4.4 
bm2.7 



di 0.4 
by 15. 4 
mt 8.5 



di 6.0 
by 13. 8 
mt 2.1 



di 1.8 
by 15. 4 
mt 8.6 



dl 7.7 
by 6.4 
mt 4.9 



Hac. de Chuquipoyo, 
Chimborazo, 
Ecuador. 



Vildarthal, 
Tyrol. 



Lienz, 
Tyrol. 



Tlnnebach, 
Tvrol. 



Hajto, 
n. Nagvag, 
Siebenourgen. 



A. Schwager. 



von John? 



von John. 



von John? 



C. Doelter. 



G umbel, 

Sb. Miinch. Ak., 

1881, p. 348. 
R.T. 1884, p. Lxx. 



I Andesite. 

I 



Teller and von John, 
Jb.Wien.G.R-A., 
XXXII, p. 653, 1882. 

R. T. 1884, p. XXVIII. I 

Stache and von John, 
Jb.Wien.G.R-A., 
XXIX, p. 400, 1879. 

R. T. 1884, p. XXXII. 

Teller and von John, 
Jb.Wien.G.R-A., 
I XXXII, p. 653, 1882. 
I R. T. 1884, p. XXVIII. 



C. Doelter, 

T.M. P.M., 1873, p.95. 
R. T. 1879, p. LXIV. 



Quartz- 
norite. 



Porphyrite. 



Norite- 
porphyry. 



Dacite. 



In W. T., 

p. 239. 
No. 77, tonal- 

oee. 



Near andoee. 



SUBRANQ 4,5. PRESODIC. BANDOSE. 




Q 18.8 
or 5.6 
abl9.9 
an 35. 6 



di 16.9 
wo 0.8 
mill. 5 



Portafiuela, 
Yate Volcano, 
Patagonia. 



dii5.6 I Stransko, 
^,±1 ' n. Liebstadt, 
Bohemia. 



dl 7.3 I St. Egidi, 
hy 5.7 I aty^^ 
mt6.0i Styna. 



di 19.3 
hy 8.1 
mt 8.8 



Suldenfemer, 
Tyrol. 



H. Ziegenspeck. i H. Ziegenspeck, i Basalt. 

In. Diss., Jena., 1883, | 

p. 29. I 

, R. T. 1884, p. Lxxiv. , 



Werther. 



Niedzwiedki. 



von John. 



Werther, 
' Jb. Pr. Chem., XCI, 
' p. 330, 1864. 

R. T. 1869, p. Lxxviii. 

Niedzwiedki, 

T. M. P. M., 1872, 

p. 255. 
R. T. 1873, p. XLviii. 

Stache and von John, 
Jb. Wien. G. R-A., 
XXIX, p. 341, 1879. 

R. T. 1884, p. XXX. 



Melaphyre. 



I 



Pitchstone. 



Diorite- 
porphyry. 



In W. T., p. 
249, No. 14, 
bandose. 



Cf. No. 9, 
andoee. 
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1 

A3. Ill 

2 

A3. Ill 



1 

A3. Ill 

2 

A2. II 

3 

A2. n 

4 

A3, ni 

5 

A3. Ill 



SUPERIOR ANALYSES OF IGNEOUS ROCKS. 
CLASS II. DOSALANE— ContinutMl. 

RANG 1. PERALKALIC. UMPTEKASE. 



No. , SiO^ I AlA I FejO, i FeO 



1 i 61.86 I 16.58 2.17 

A2. II 1 1.031 I .162 I .01. 



6.39 



MgO CaO NajO K,0 H^O , ( (), 



0.54 0.28 ; 4.98 5.34 1.95 
.014 .oa5 ' .081 .a% 

RAN'G 1. PERALKALIC. UMPTEKASE. 



0. 30 



TiO, P2O5 MnO Sum 



Sp.gr. , 



0.10 0. 11 ! trace 100.72 

.001 .001 ' — 

I 



2.701 




2.41 0.80 3.30 6.54 2.46 2.23 

.033 . .020 i .(m .10.5 i .026 , 



trace ; 0.55 

I .008 

I 



99.52 



2.55 
ISP 



RANG 2. I)OMALKALI(\ MONZONA.SE. 



I 

52. 14 I 15. 37 I 6. 83 ! 3. 35 

i ' 

.869 j .150 I .013 I .047 

I i 

57. 73 I 17. 85 I 4. 44 I 3. 90 



6.62 
.166 , 



.117 



.065 



I 



.962 I 



.175 



.028 



.054 I 



1.77 

.044 



43 2. 15 




1 1 

1 1 


100.81 




047 




i 

i ! 






65 0.09 




1 

1 trace , 


100.85 


2.61 


082 , 




1 

I i 

j 







RANG 2. DOMALKALIC. MONZONASE. 



59. 62 , 18. 81 

.994 .183 

57. 89 ! 16. 82 



.965 



.165 



i 



I 



51.42 I 16.52 

.857 1 .162 



52.85 

.881 

56.02 

.934 



13.70 

.134 



2.03 I 

.013 I 

I 
I 

5.61 

.085 

6.64 

.042 

6.91 

.043 



2.99 
.042 ' 



1.92 

.048 ' 



5. 13 , 5. 65 



.091 



.091 



2.83 ; 3.51 



.088 



I 



I 



16.52 5.02 



.162 



.031 



4.42 j 
.061 

7.32 I 

.102 I 

5.51 I 

.076 I 



4.62 - 
.116 ' 

2.88 j 
.072 



3.01 ' 5.87 

1 

.054 I .095 

j 

6. 48 4. 72 

.116 .076 

7. 00 4. 23 

.125 I .068 



4. 67 4. 20 1 5. 83 



.117 ! 



.075 I 



.093 



2.68 
.029 

2.96 
.032 

3.46 

.037 

2.74 

.029 

1.66 
.018 



1.04 



1.38 



1.82 



1.98 



0.47 



I 0.57! 



.007 



0.64 , 

.006 



99.84 



' I 

0. 14 I 100. 59 1 2. 779 



.002 ' 



100. 74 i 2. 722 



99.61 I 2.796 



0.36 



.005 



100.26 



I 



RANG 3. ALKALICALCIC. ANDA8E. 



1 


56.51 


19.61 


5.10 


0.98 


2.66 1 

i 


7.89 


3.12 


3.67 


0.40 






0.11 


100.05 


2.50 


AS. in 


.942 


.192 


.032 


.014 


.067 1 

i 


.141 


.050 


.039 








.002 




I 

i 


2 


52.08 


15.60 


5.75 


2.57 


8.40 ; 


6.52 


2.92 


3.80 


2.24 










99.88 




A8. Ill 


.868 


.168 


.086 


086 


.210 

1 


.116 


.047 


.040 
















3 


54.65 


15.72 


2.00 


6.26 


5.91 


7.83 


2.90 


3.79 


1.90 






trace 


trace 


100.96 


2.864 


A8. m 


.911 


.154 


.013 


.087 


.148 


.139 


.047 


.040 
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ORDER 5. PERFELIC. GERMANARE. 

SUBRANQ 3. 80DIPOTAS8IC. ILMENOSE. 



Inclusive. 



Norm. 



90s 


0.12 


Q 6.6 


hyll.3 






, or 31.1 


mt 3.3 






1 ab42.4 








an 1.4 








C 2.0 





Locality. 



Analyst. 



Reference. 



Ortberg, 
n. Elbingerwle, 
Harz Mountains. 



Jacobs. 



K. A. Lot*8en, 

Sb.Ges. Nat. Fr., 1883, 

p. 178. 
R. T. 1884, p. XXII. 



Author's name. 



Keratophyre. 



Remarks. 



RANG 4. DOSODIC. UMPTEKOSK. 



SO, 


trace 


Q 9.8 


di 9.4 


Yate Volcano, 


H. Ziegen- H 
speck. 


CI 
Cu 


trace 
trace 


or 14.6 
ab 56. 


mt 3.6 


Patagonia. 






an 4.4 






R 



H. Ziegent?peck, Andesite. 

In. Diss., Jena., 1883, 
p. 42. 
. T. 1884, p. Lxxii. 



In W. T., p. 
253, No. 4, 
uniptekose 
nearpantel- 
lerose and 
kallerudose. 



SUBRANG 3. SODIPOTAS8TC. MONZOXOSE. 



I or 26.1 di 14.9 

; ab25.2 ol 7.2 

an 13. 3 mtlO.O i 

ne 2.0 



or 45.6 dl 7.6 

ab26.2 ol 3.0 

an 8.9 mt 6.5 
ne 3.1 



Wt'hlinp, 
n. Heidelberg, 
Rhenish Prussia. 



L*Arso, 
Ischia. 



Nietzsche. 



C. W. C. Fuchs. 



Beneke and Cohen, 
Geog. Besch. Hei- 
delb., 1879, p. 93. 

R. T. 1879, p. XXIV. 

C. W. C. Fuchs, 
T. M. P. M., 1872. 
p. 230. 

R. T. 1873, p. XXXVIII. 



Svenite. 



Tra(!hvte. 



Cf. No. 40, 
nionzonose, 
W.T.,p. 259. 



SITBRANG 4. DOSODIC. AKEROSE. 




Q 0.4 
or 16.1 
ab 35. 6 
an 10. 3 



or 10.0 
ab 48. 7 
an 14. 2 



di 6.4 
hy 5.5 
mt 3.0 



Busholm, 
Sweden. 



di 3.5 Barr-Andlau, 

^, I'i Vogesen. 

11 1.1 
hm 0. 5 

di 14.6 Hopfenberg, 

mt 9!? "• Bchwarzenfels, 

il L2 Rhongebirge. 



di 20.4 ' 
hy 4.8 , 
mtlO.O 



di 6.3 : 
hylO.8 
ol 8.1 i 



SuMenfemer, 
Monte Cevedale, 
Tvrol. 



Taal Volcano, 
Luzon, 
Philippines. 



Tomebohui. 



Unger. 



Mohl. 



I 



von John. 



K. OebV)eke. 



Hummel and Erdinann, 
Sv.G.L'nd., XXXIV, 
p. 27, 1870. 
, R. T. 1873, p. X. 

I H. Ropenbusch, 

I Steig. Schiefer., 1877, 

I p. 154. 

I R. T. 1879, p. XIV. 

Mohl, 

N. J., 1874, p. 906, 
R. T. 1879, p. LXXII. 

Stache and von John, 
, Jb.Wien. G. R-A., 
XXIX, p. 368, 1879. 
R. T. 1884, p. XXXII. 

K. ()ebl)eke, 

N. J. B. B. I., 

p. 482, 1881. 
R. T. 1884, p. Lxx. 



Granite. 



Segregation in . Cf. No. 2, 
granite. amiatos 



Banal t. 



Ortlerite. 



Augite- 
andesite. 



SUBRANG 3. SODIPOTAASIC. SHO.^HOXOSK. 



Li.O 



CI 

8 



trace 
trace 



Q 5.8 
or 21.7 
ab 26. 2 
an 28. 6 



or 22. 2 
ab24.6 
an 18.4 



or 22. 2 
ab24.6 
an 18. 6 



di 8.2 I 
hy 2.9 I 
mt 3. 3 ' 
hm2.9 I 



Truckee Canvon, 
Purple Hills, 
Nevada. 



! 



di 10. 8 
hv 6.8 
ol 6.4 
mt 8.3 



West Aston, 
County Wicklow, 
Ireland. 



di 16.3 Hohne, 

o{ IV Harz Mountains. 

mt 3!o 



R. W. Wood- 
ward. 



8. Haughton. 



Keibel. 



C. King, 

G. Expl. 40th Par., 

II, p. 8:«, 1877. 
R. T. 1879, p. Lviii. 

S. Haughton, 

Tr.R.Ir. Ac, XXIII, 

p. 619, 1859. 
R. T. 18(^9, p. LXiv. 

Keibel, 

Z. D. G. G., IX, 

p. 575, 1857. 
R. T. 1869, p. LViii. 



Trachvte. 



(Greenstone 
(diorite). 



IMorite 
(syenite). 



' Cf. No. 1, 
, harzose. 
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SUPERIOR ANALYSES OF IGNEOUS ROCKS. 



CLASS II. DOSALANE— Continued. 
RANG 3. ALKALICALCIC. ANDASE— Continued. 



No. 


Si(\ 
53. 73 


AIA 
18.22 


Fe,()3 
5.8:^ 


FeO 
6.32 


MgO 


CaO 


Xa,0 


K,0 
2.83 


H,0 


00, 


TiO, 


P,0, MnO , Sum 


iSp.gr. 


4 


1.62 


7.00 


2.76 


1.68 






99. 99 


2.765 

1 , 


A3. HI 


.8% 


.178 


.036 


.088 


.041 


.1.26 




.080 




' 


j 






5 


48.a=s 


14.80 


8.42 


10.23 


2.08 


7.40 


3.23 


2.97 


1. 76 ' 




99.84 


1 

2. 832 1 

1 i 


XH, III 


.816 


.145 


.063 


.142 


.062 


.182 


.062 


.082 


1 1 




• 
! 


1 


6 


55.35 


17.51 


3.39 


7.61 


1.45 


6.36 


3.51 


3.45 


1.82 ' 






1 
100.45 


1 
1 2.794 


A3, in 


.ses 


.172 


.021 


.106 


.096 


.114 


.056 


.087 


1 






1 
1 


i 


7 


54.48 


19.44 


1.80 


4.90 


3.72 


7.08 


3.58 


3.32 


1.70 ' 








100.02 




AS. UI 


.906 


.190 


.oil 


.068 


.098 


.127 


.068 


.086 


' 












RANG 8. ALKAUCALCIC. ANDAi?E. 


1 


56.19 


16.12 


4.92 


4.43 


4.60 


7.00 


2.96 


2.37 


L03 






0.27 


trace j 99. 91 


2.742 


A3, m 


.987 


.IW 


.081 


.061 


.116 


.125 


.048 


.025 








.002 






2 


49.04 


18.11 j 


2.71 


7.70 


4.72 


7.11 


4.22 


2.11 


1.-29 




2.46 






99.42 


2.80 


B2. in 


.817 


.177 


.017 


.107 


.118 


.127 


.068 


.022 






.081 










3 


54.52 


19. 10 ! 


2. as 


5.89 


3.92 


7.25 


3.73 


2.30 


0.59 


1 

[ trace 






100.13 


2.6- 


A3. Ill 


.909 


.187 ' 


.018 


.082 


.098 


.180 


.060 


.024 




1 

i 








2.7 


4 


53.94 


17.05 1 


2.93 


7.15 


4.67 


7.41 


3.45 


2.19 


1.10 






trace 


99.89 


2.6- 


AS. in 


.899 


.167 1 


.018 


.099 


.117 


.132 


.066 


.028 














2.7 


5 


58.45 


17.08 


0.76 


4.61 


5.15 


7.60 


4.25 


1.02 








trace 


trace 


90.99 


2.94 


A3. Ill 


.„. 


.167 i 


.OWi 


.064 


.129 


.136 


.069 


.011 








— 1 — 

1 






6 


54.89 


15. 16 1 


3.a5 


5.08 


5.79 


7.94 


3. 24 


2.32 


1.80 






1 

1 


99.27 




B3, IV 


.915 


.148 


.019 


.071 


.145 


.142 


.052 


.024 
















7 


54.68 


15.52 


2.70 


5. 32 


4.22 


9.82 


3.27 


2.13 


1.94 






99.60 




A8. ni 


.911 


.152 


.017 


.074 


.lot; 


.175 


.053 


.022 


! 1 










8 


55.10 


15.72' 


3. 23 


5.40 


6.48 


7.73 


3.19 


1.20 


1.45 ' 0.50 

1 


trace 


1 
100.00 




A3, ni 


.918 


.154 : 


.02i» 


.075 


. 162 


.138 


.052 


.013 


1 
1 


1 




9 


51.69 


15. 72 [ 


3. 25 


6.80 


4.85 


9.:« 


3.90 


1.05 


1.42 ! 0.87 1.51 • trace, 100.44 

1 i 1 


2.931 


A3. Ill 


.H«J2 


. HA ' 


.020 


.OlM 


.121 


.168 


.063 


.011 


.019 , 


15P 


10 


53. 18 


18.43 


6.46 


3.46 


4.55 


6.85 


3.a5 


2.56 


i ' . , 

1.98 1 , trace ; i 100.52 


2.842 


A3. HI 


.886 


.1>H) , 


.040 


.048 


.114 


.122 


.049 


.028 


1 


! 






11 


61.80 


16. 70 


3. 28 


3. 89 


1.87 


6.60 


3.97 


2.08 


0.09 








100.28 


2.764 


A3. HI 


1.030 


.162, 


.021 


.0*4 


.047 


.118 


.079 


.022 






1 


^ 
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ORDER 5. PERFELIC. GERMANARB^-ContiDued, 
SUBRANG. SODIPOTA8SIC. 8H06HONOSE— Contlliu**!. 



Inclusive. 



Norm. 



Q 7.4 
or 16.7 
ab23.6 
an 28. 6 



or 17.8 
ab'27.3 
an 17.0 



Q 3.1 
or 20.6 
ab29.3 
an 22.0 



or 19.6 
abdO.4 
an 27.0 



di 5.1 

hy 8.4 
mt 8.4 



di 16. 8 
hv 3.1 
of 4.0 
mtl2. 3 



di 9.3 
hylO.6 
mt 4.9 



di 6.8 
hv 8.2 
of 8.9 
mt 2.6 



Locality. 



PUmaV>a<?b, 

Mcmte Cevedale, 
Tvrol. 



GratHpitze, 
Monte Cevedale, 
Tvrol. 



S. of Zehnerkopf, 
Wildkaar, 
Tvrol. 



LimansuA, 
Island Leyte, 
Philippines. 



Analyst. 



von John. 



von John. 



von John. 



K. Oebbeke 



Reference. 



I Author's name. 



Stache and von John, 
Jb. Wien. G. R-A., 
XXIX, p. 371, 1879. 

R. T. 1884, p. XXXII. 

Stache and von John, 
Jb. Wien. G. R-A., 
XXIX, p. 362, 1879. 

R. T. 1884, p. XXXII. 

Stache and von John, 
Jb. Wien. G. R-A., 
XXVII, p. 227, 1877. 

R. T. 1^79, p. XLiv. 

K. Oebbeke, 

N. J. B. B., I, 

p. 461, 1881. 
R.T. 1884, p. Lxviii. 



Remarks. 



Ortlerite. 



Ortlerite. 



Proterobase. 



Hornblende- 
andesite. 



Near andoee. 



SUBRANG 4. D080DIC. AND08E. 



CI 0.02 



Q 8.6 
or 13. 9 
ab25.2 
an 23. 6 



Li«0 trace 
RbsO trace 
CsjO trace 



I 

I or 12. 2 
, ab24.6 
I an 29. 9 

I ne 3.1 

I 

' Q 1.0 

I or 13.3 

ab31.4 

I an 28.6 



Q 0.4 
I or 12.8 

ab29.3 
I an 24. 5 



Q 5.0 
or 6.1 
ab36.2 
an 24. 2 



Q 2.8 
or 13. 3 
ab'27.3 
an 20.0 



<4 2.8 
or 12.2 
ab 27. 8 
an 21.4 



Q ftO.4 
or 7.2 
ab27.3 
an 24. 7 



or 6.1 
ab33.0 
an 22.2 



Q 4.6 
or 15.6 
ab25.7 
an 28. 6 



Q 10.0 
or 12.2 
ab41.4 
an 17.0 



di 9.0 
hyll.O 
mt 7.2 



di 9.1 
ol 11.1 
mt 3.9 
11 4.7 



di 6.2 
hyl4.8 
mt 4.2 



di 10. 1 
hyl7.4 
mt 4.2 



dill.l 
hyl5.3 ! 
mt 1.2 



Buffalo Peak, 
Colorado. 



Buffalo Peak, 
North Park, 
Colorado. 



Diabase Hills, 
Truckee Range, 
Nevada. 



Diabase Hills, 
Truckee Range 
Nevada. 



Pen Maen Mawi 
Wales. 



gi 1^.7 Langviksuas, 
mt 4!4 I Animskogssocken, 
! Sweden. 



di22.2 
hy 7.3 
mt 3.9 : 



di 11. 
hyl8.1 
mt 4.6 


di 20.0 
hy 8.3 
ol 0.1 
mt 4.6 
11 2. 9 


di 4.2 
hylO.5 
mt 9.3 


di 13.1 
hy 2.4 
nit 4. 9 



N. of Myran, 
Animskogssocken, 
Swe<.len. 



Bet. Konken and 
Herchweiler, 
Palatinate. 



Dietesheim, 
Mainthal. 



Stransko, 
n. Liebstadl, 
Bohemia. 



Suldenfemer, 
Monte Cevedale, 
Tvrol. 



W. F. HUle- 
brand. 



R. W. Wood- 
wanl. 



R. W. Wood- 
ward. 



R. W. Wood- 
ward. 



Phillips. 



Tomebohm. 



I 



Tomebohm. 



Laspeyres. 



Homstein. 



Mikula. 



von John. 

4 



W. Cross, 

A. J. S., XXV, 

p. 142, 1883. 
R. T. 1884, p. Lxxii. 

C. King, 

G.Expl.,40thpar.,II, 

p. 126, 1877. 
R. T. 1879, p. Lxxiv. 

C. King, 

(7.Expl.,40thpar.,II, 

p. 574, 1877. 
R. T. 1879, p. XLii. 

C. King, 

G. Expl.,40thpar.,II, 

p. 812, 1877. 
R. T. 1879, p. LXXIV. 

Phillips, 

Q.J. G.S., XXXIII, 

p. 424, 1877. 
R. T. 1879, p. XXXIV. 

Tomebohm, 

Sv.G.Und., XXXIV, 

p. 31, 1870. 
R. T. 1873, p. XVIII. 

Tomebohm, 

Sv.G.Und., XXXIV, 

p. 31, 1870. 
R. T. 1873, p. XVIII. 

Laspeyres, 
Xh. Nh.Ver. Bonn., 
X, p. 381, 1883. 

R. T. 1884, p. XLVi. 

Homstein, 

Z.D.G.G., XIX, 

p. 341, 1867. 
R. T. 1869, p. cxxxii. 

G. Tschermak, 

Vh. Wien. G. R-A., 

1867, p. 52. 
R. T. 1869, p. Lxxviii. 

Stache and von John, 
Jb.WMen.G.R-A., 
XXIX, p; 403, 1879. 

R.T. 1884, p. XXXIV. 



Andesite. 



Basalt. 



Diabase. 



Basalt. 



Diorite. 



Diorite. 



Diorite. 



Melaphyre. 



Anamesite. 



Melaphyre. 



Quartz- 
porphyrite. 



InW.T.,p.277, 
No. 35, andoee. 



Near 
camptonose. 



I Cf. No. 1, 
bandose. 



Near harzoee. 

tonalose, and 

shoshonoee. 
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SUPERIOR ANALYSES OF IGNEOUS ROCKS. 



CLASS II. DOSALANE— Continued. 
RANG 3. .\LKALICALCIC. ANDASE— Continued. 



No. 


SiO, ' 


AlA 

1 

17.92 


Fe,03 


FeO 


MgO 


CaO 


Na^O 


Kfi 


H/) CO, 


TiO, PA MnO Sum 

1 i 


Sp.gr. 


12 


55.15 


2.82 


3.82 


2.86 


11.30 


3.25 


1. 28 2. 49 






I 


( 

1 100.89 


1 
2.731 


A3. Ill 


.919 , 


.175' 

1 


.018 


.(m 


.072 


.202 


.(m 


.014 














13 


55.05 


17. 16 ■ 


5.19 


5.01 


2.47 


8.30 


3.79 


2. 84 1. 23 










10L04 


2.704 


B3.IV 


.91)* ' 

1 


. It* 


.033 


.o(;9 


.062 


.148 

1 


.061 


.030 














14 


1 
54. IK) 1 


16. 32 ' 


6.52 


5.81 


1.66 


6.80 


3.87 


1. 61 2. 47 










99.86 


1 
2. 775 


A3. Ill 


-•; 


1 

.160 I 

j 


.041 


.«, 


.042 


.121 


.0»i3 


.017 








- 






15 


! 
57. 85 i 


17.32 1 


4.38 


5.19 


2.»7 


7.08 


4.02 


1.23 0.98 










101. 02 


2.706 


B3.IV 


.964 1 


.170 ' 

1 


.028 


.072 


.074 


.127 


.065 


.013 














16 


55.80 


17.20 1 


5.22 


7.13 


2.76 


6.97 


3. 62 


1.23 1.23 








' 101.16 

1 




B3.IV 


.930 

1 


.169 


.033 


.099 


.069 


.125 


.a58 


.013 








; 




17 


55. 18 


16.80 i 

1 


1.93 


10. 37 


2.62 


6.90 


3.20 


2.42 1.63 








1 10L05 

1 


1 

1 

2.818 


B3.IV 


.920 


1 
.165 1 

1 


.012 


.144 


.066 


.123 


.052 


.026 












18 


54.55 


15. 15 1 


4.62 


10. 42 


2. 93 


6.06 


4. 25 


1.20 1.97 








101. 15 


2.828 1 


B3.IV 


.909 


.148, 

1 


.029 


.144 


.073 


.108 


.069 


.013 








1 
1 


! 
1 


19 


51. 75 


18. 96 


2.34 


10.42 


3.25 


6.84 


3.45 


1.93 1.23 










100.17 


1 
2.837 


A3. Ill 


.863 1 


1 
.186, 

1 


.014 


.144 


.081 


.122 


.056 


.021 














20 


48. 18 


1 

18.86 


2.27 


6.22 


8.46 


9.95 


3.88 


1 
1.23 0.45 




trace 


0. 37 1 trace 


99.87 


2.954 1 


A3. Ill 


.808 1 


.185 


.014 


.086 


.212 


.178 


.m 


.013 

1 




— 


.003 I 




21 


49.27 


18. 54 ! 


6,98 


5.62 


3.76 


io.:i8 


3.45 


2. 22 








100.36 , 


2.738 1 


A3. Ill 


.821 , 


.,«! 


.044 


.078 


.094 


.186 


.056 


.023 








1 




22 


49.24 


19.06 


1.77' 


10.33 


5.00 


8.75 


3.89 


1.19 


0.63 








99.86 j 




A3. Ill 


.821 , 


.186 1 


.011 


.143 


.125 


.156 


.063 


.013 








1 


i 

1 


23 


58.42 


17.64 


5.66 1 


4.00 


2.54 


4.50 


4.44 


2.52 


0.42 




0.31 


1 0.48 100.93 


1 

1 

[ 


B2. Ill 


.974 


.n. 


.036 1 


.aT6 


.064 


.080 


.072 


.027 






.004 


.007 


1 


24 


54. 02 


16. 96 ! 


i 
4.50 


4.27 


5.20 


8.56 


3.26 


1.80 


0.73 


trace 




. 035 100. 25 


i 
1 


A3, in 


.910 


.166 1 


.02s 


.060 


.130 


.153 


.053 


.019 




1 

1 




.005 ' 

1 


i 
I 


25 


53.39 


15. 23 


8. 73 ! 


3.61 1 


4.12 


1 
8.46 1 


3.60 


1.H4 


1.14 


1 

0. 22 ' 

1 


0.16 


1 100.66 . 


2.814 


A2. II 


.890 


.149 

1 


.054 

1 


1 


.103 

1 


.151 ! 


.05« 


.020 1 


"1 i i 
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ORDER 6. PERFELIC. GERMANARE-Continued. 

SUBRAN6 4. D080DIC. ANDOSE-Contixiued. 



Inclusive. 



Norm. 



Locality. 



Analyst. 



Reference. 



Author's name. 



Remarks. 



NiO 
Cu 



Cl 



trace 
trace 



0.14 



Q 6.0 
or 7.8 
ab27.8 
an 80.0 



Q 2.9 
or 16. 7 
ab32.0 
an 21. 4 



Q 9.1 
or 9.5 
ab38.0 
an 22.2 



Q 9.5 
or 7.2 
abS4.1 
an 25. 6 



Q 8.6 
or 7.2 
ab30.4 
an 27. 2 



dl 21.3 
hy 1.4 
mt 4.2 



di 16. I 
hy 8. 2 
mt 7.7 I 



Suldenfemer, 
Monte Cevedale, 
Tyrol. 



Near Schaubach, 
Monte Cevedale, 
Tyrol. 



di 9.5 I Suldenfemer, 
^yj-j Monte Cevedale, 
Tyrol. 



di 8.0 
hy 9.3 
mt 6.5 



di 6.3 
hyl2.H 
mt 7.7 



FeSs 



0.16 



Q 2.6 di 8.6 

or 14.5 hyl9.7 

ab 27. 3 mt 2. 8 
an 24. 2 



Q 3.8 di 9.8 

or 7.2 hyl7.5 

ab36.2 mt6.7 
an 18. 4 



or 11.7 di 8.1 

ab29.3 hyl8.8 

an 80.8 of 7.4 

mt 3.3 



or 7.2 di 13.2 

ab20.4 ol 17.6 

an 30. 3 mt 3. 3 

ne 6.8 ap 0.9 



or 12.8 di 18.6 

ab22.5 ol 8.6 

an 28. 6 mt 10.2 
ne 3.7 

or 7.2 di 10.7 

ab26.2 ol 18.3 

an 80. 6 mt 2. 6 
ne 3.7 



Q 8.6 u* 0.9 

orl.^O hy 8.1 

ab37.7 mt 8.4 

an 21.1 il 0.6 



Q 3.5 di 13.1 

or 10. 6 hy 10.9 

ab27.8 mt 6.5 
an 26.1 



Q 5.8 di 17.3 

or 11.1 hy 2.3 

ab30.4 mt 11.6 

an 19. 7 hm 0.9 



Pradaccio, 
Valfomo, Tyrol. 



Tinnebach, Tyrol. 



Zehner Kopf, 
Wild Kaar, Tyrol. 



Zehner Kopf, 
Wild Kaar, Tyrol. 



Sobretta, Tyrol. 



Mosso, n. Biella, 
Piedmont. 



Lava of Jan. 30, 1865. 
Lingua Grossa, 
Mount Etna. 

Ferdinandea Island, 
Mediterranean. 



Taal Volcano, 
Luzon, Philippines. 



Sierra de Mariveles, 
Luzon, Philippines. 



Snow River, 
North Gippsland, 
Victoria. 



von John. 



von John. 



von John. 



von John. 



von John. 



von John. 



von John. 



von John. 



Coflsa. 



C. W. C. Fuchs. 



H. Forstner. 



K. Oebbeke. 



K. Oebbeke. 



A. W. Howitt. 



Stache and von John, 
Jb.Wien.G.R-A., 
XXIX, p. 395, 1879. 

R. T. 1884, p. XXXIV. 

Stache and von John, 
Jb.Wien.G.R-A., 
XXIX, p. 395, 1879. 

R. T. 1884, p. XXXIV. 

Stache and von John, 
Jb. Wien. G. R-A., 
XXIX, p. 395, 1879. 

R. T. 1884, p. xxxu. 

Stache and von John, 
Jb.Wien.G.R-A., 
XXIX, p. 341, 1879. 

R. T. 1884, p. XXX. 

Teller and von John, 
Jb.Wien.G.R-A., 
XXXII, p. 653, 1882. 

R.T. 1884, p. XXVIII. 

Stache and von John, 
Jb.Wien.G.R-A., 
XXVII, p. 226, 1877. 

R. T. 1879, p. XLiv. 

Stache and von John, 
Jb.W^ien.G.R-A., 
XXVII, p. 227, 1877. 

R. T. 1879, p. XLIV. 

Stache and von John, 
Jb.Wien.G.R-A., 
XXVII, p. 226, 1877. 

R. T. 1879, p. XLIV. 

Cossa, 
Ricerche Chem. e 
Micros. 1881, p. 63. 

R. T. 1884, p. XLii. 

C. W. C. Fnch8, 

N. J., 1865, p. 713. 
R. T. 1869, p. cxxviii. 

H. Forstner, 
T. M. P. M., XV, 

p. 391, 1883. 



I R. T. 1884, p. Lxxvi. 

I 

I K. Oebbeke, 
' N. J.,B. B.,I, p. 481, 
, 1881. 
R. T. 1884, p. Lxx. 

, K. Oebbeke, 

N.J.,B.B., I, p. 471, 
1881. 
R. T. 1884, p. LXX. 

A. W. Howitt, 

N. J., 1882, I, p. 416. 
R. T. 1884, p. XL. 



Suldenite. 



Suldenite. 



Suldenite. 



Diorite. 



Enstatite- 
norite. 



Labrador! te- 
porphyrite. 



Labrador! te- 
porphyrite. 



Labradorite- 
porphyrite. 



Olivine- 
diabase. 



Dolerite 



Basalt. 



Andesite. 



Andesite. 



Diabase- 
porphyrite. 



Near tonalose. 



Near tonalose. 



In W.T.,p. 283, 
No.94,andoee. 



6623— No. 2^-04- 
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SUPERIOR ANALYSES OF IGNEOUS ROCKS. 



1 

A8. lU 



CLASS II. DOSALANE-Continaed. 
RANG 8. ALKALICALCIC. ANDASK-Contiiioed. 



No. 


SiO, 


A1.0, 


Fe,0, 


FeO 


MgO 


OaO 


Na,0 


K,0 


H,0 


CO, 


TiO, 


PA 


MnO 


Sum 


1 
Sp.grr. , 


1 


49.97 


17.01 


0.86 


6.94 


7.76 


6.99 


6.14 


.077 


6.08 


0.03 


0.32 


.046 


0.10 




1 


Al. I 


.888 


.1«7 


.006 


.062 


.194 


.U4 


.068 


.006 






.004 


.006 


.001 




! 


2 


64.14 


13.12 


7.20 


4.72 


6.94 


7.34 


3.82 


0.67 


2.78 




0.88 


trace 


trace 


100.61 


2. 578 ' 


A2. II 


.902 


.128 


.045 


.066 


.149 


.181 


.061 


.006 






.011 




— 




I 



RANG 4. DOCALCIC. HESSASE. 



62.96 



19.26 
.190 



4.67 
.029 



.065 



4.12 
.106 



9.12 I 

I 
.168 



2.09 



2.42 0.71 


0.34 








.025 

i 











100.26 



2. 875 



RANG 4. DOCALCIC. HE8SASE. 



1 


47.64 


19.52 


4.24 


6.96 


6.66 


11.70 


3.09 


0.16 






0.18 




0.18 


100.22 


1 I 

1 

1 


A2. U 


.792 


.191 


.026 


.097 


.167 


.209 


.060 


.002 






.002 




.008 






2 


64.80 


17.58 


0.97 


8.84 


4.47 


8.22 


3.14 


1.16 


0.94 








tnu*e 


100.12 


1 2.50 


A3. Ill 


.913 


.172 


.006 


.128 


.112 


.146 


.051 


.012 










— 




1 


3 


60.08 


18.84 


7.05 


1.03 


6.57 


12.37 


2.39 


0.67 


0.80 








0.88 


100.68 


1 


A8. Ill 


.885 


.184 


.044 


.014 


.164 


.221 


.089 


.006 










.018 




■ 


4 


48.88 


18.86 


2.13 


6.62 


6.46 


11.46 


2.93 


0.70 


2.54 










100.56 


1 


A3. Ill 


.815 


.185 


.013 


.092 


.161 


.205 


.047 


.007 
















5 


53.00 


17.19 


4.78 


5.06 


4.66 


8.08 


2.92 


L49 


{.35 




0.57 


0.37 


trace 


99.46 


2.856 


A2. II 


.888 


.169 


.030 


.070 


.117 


.145 


.047 


.016 




.007 


.008 




■ 


6 


43.19 


18.69 


7.94 


6.07 


4.98 


9.93 


3.50 


1.15 


1.94 


0.23 


0.90 


0.47 ; 1.72 


100.71 


3.092 


B2. Ill 


.720 


.188 


.050 


.085 


.125 


.177 


.066 


.012 






.011 


.003 


.024 




1 

1 

1 


7 


53. 65 


20.77 


0.98 


7.61 


1.67 


9.16 


3.33 


1.61 


1.33 




• 






100.01 


2.82 


A8. Ill 


.894 


.208 


.006 


.106 


.089 


.164 


.054 


.017 


■ 










.no ' 

1 


8 


46. ?1 


22.23 


0.79 


5.46 


10.30 


11.69 


1.70 


0.15 


1.15 








100.18 


3.017 


A3. Ill 


.779 


.218 


.005 


.076 


.258 


.209 


.027 


.002 


1 

1 













CLASS II. DOSALANE. 

RANG 1. PERALKALIC. LAURDALASE. 



1 


54.52 


13.37 


0.61 


3.52 


6.37 


4.38 


1.60 


10.73 


2.76 


1.82 








99.58 




A3. Ill 


.909 


.131 


.004 


.049 


.159 


.079 


.026 


.114 
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ORDERS. PERFEUC. GERMANARE-Ck)ntinued. 

SUBRANG 6. PERSODIC. BEERBACHOSE. 



Inclusive. 


Norm. 


Locality. 


Analyst. 


Reference. 


Author's name. 




Cl 0.03 
F 0.10 
8 0.12 
CuO 0.12 
BaO 0.06 
LitO 0.02 


or 4.5 
ab36.2 
an 21.1 
ne 4.0 

Q 8.9 
or 8.8 
ab32.0 
an 17.0 


di 8.5 
ol 17.9 
mt 1.4 
il 0.6 
ap 1.0 

di 15.3 
by 9.2 
mt 10.4 
il 1.7 


Norheim Tunnel, 
Nahethal, 
Rhenish Prussia. 

Sasebuhl, 
n. Drausfeld, 
Hanover. 


Laspeyres. 
Mohl. 


Laspeyres, 

Z. D. G. G., XIX, 

p. 865, 1867. 
R. T. 1869, p. Lxx. 

Mohl, 

N. J., 1874, p. 906. 
R. T. 1879, p. Lxxiv. 


Gabbro. 
Tachylyte. 


NearhesBOse. 



8UBRANG 8. 80DIP0TASSIC. 



Q 6.8 di 7.2 

or 18.9 by 11.6 

abl7.8 mt 6.7 
an 36. 4 



Monte Mulatto, 
Predazzo, Tyrol. 



Szameit. 



I 



G. Tschermak, 

Porphyrgest Oester., 

1867, p. 127. 
R. T. 1869, p. Lxxviii. 



Melaphyre. 



A1,0, high? 
MgOlow? 



SUBRANG 4,6. PRESODIC. HESSOSE. 



or 1.1 di 15.8 

ab28.6 ol 18.2 

an88.6 mt 6.0 

ne 1.4 il 0.8 



Q 3.1 di 8.6 

or 6.7 by 23.3 

ab26.7 mt 1.4 
an 30. 3 



Q 2.5 di 17.7 

or 3.3 by 8.2 

ab20.4 mt 8.3 

an38.6 bm 4.8 



or 3.9 
ab24.6 
an 36. 4 



Q 6.8 
or 8.9 
ab24.6 
an 29. 5 



or 6.7 
abl9.9 
an 32.0 
ne 5.1 



Q 2.0 
or 9.5 
ab28.3 
an 36. 7 

or 1.1 
abl4.2 
an 52. 5 



di 16.8 
by 13.4 I 
mt 8.0 I 



Cascade Mountains, 
Oregon. 



Ombe Mountains, 
Nevada. 



Doonane Hill, 
Ck>unty Donegal, 
Ireland. 



N. of Sorskogen, 
Animskogssocken, 
Sweden. 



di 6.6 1 Schwarzenberg, 

11 1.1 

ap 0.9 



di 11.5 
ol 7.3 
mt 11.6 
il 1.7 
ap 1.0 

di 7.6 
by 13.2 
mt 1.4 



di 4.5 
bv 6.9 
of 18.8 
mt 1.2 



Colonat Hervel, 
Kr. Altena, 
Westphalia. 



Torfhaus, 
n. Baste, 
Harz Mountains. 

Langenlois, 
Lower Austria. 



Jannasch. 



R. W. Wood- 
ward. 



8. Haughton. 

Tomebohm. 

L.vonWerveke. 

von d. Mark. 

Streng. 
Beauregard. 



Jannasch and Kloos, 
T. M. P. M., 1881, 
p. 102, 

R. T. 1884, p. LXXIV. 

C. King, 

G. Expl. 40th Par., 

II, p. 500, 1877. 
R.T. 1879, p. LXXIV. 

S. Haughton, 
Tr. R. Ir. Ac, 
XXIV, p. 28, 1866, 

R. T. 1869, p. LXiv. 

Tomebohm, 

Sv.G.Und., XXXIV, 

p. 31, 1870, 
R. T. 1873, p. xviii. 

H. Rosenbusch, 
Steiger Schiefer., 
1877, p. 334, 

R. T. 1879, p. XXX. 

von d. Mark, 
Vh.Nh.Ver.Rheinl., 
XXXV, p. 257, 1878, 

R. T. 1879, p. LXXIV. 

Streng, 

N. J., 1862, p. 963, 
R. T. 1869, p. LXX. 

Beauregard, 

T. M. P. M., 1878, 

p. 369, 
R. T. 1879, p. XXXVIII. 



Dolerite. 



Basalt. 



Trap (diorite). 



Diorite. 



Quartz-diorite. 



Basalt 



Gabbro. 



Forellenstein. 



Near andoee. 



Iron oxideel? 



Near andoee. 



MnO high. 



ORDER 6. LENDOFELIC. NORGARE. 
SUBRANG 1. PERP0TA88IC. 



LisO 



trace 



or 49. 5 ac 1. 9 

Ic 10.9 ns 0.9 

ne 4.8 dil7.7 

ol 10.0 



Point of Rocks, 
Leucite Hills, 
Wyoming. 



R. W. Wood- 
ward. 



C. King, 
G. Expl. 40th Par., 
II, p. 237, 1877, 

R. T. 1879, p. Lx. 



Leucitite. 



Near Wyoming* 
oee; cf. No. 1, 
wyomingose, 
W.T.p.339. 
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8TTPEBI0R ANALYSES OF lONEOUS BOCKS. 
CLASS II. DOSALANE— Continued. 

RANG 8. ALKALICALCIC. 



No. 


SiO, 


A1,0, 


Fe,0, 


FeO 


MgO 


CaO 


Na,0 


K,0 


H,0 


CO, 


TiO, 


P,05 


MnO 


Sum 


Sp.gr. 


1 

AS. III. 


48.68 
.811 


18.74 
.188 


2.67 

.017 


7.18 
.100 


3.04 

.076 


10.24 
.188 


2.47 

.040 


6.46 

.069 












99.65 





RANG 8. ALKALICALCIC. 




3.86 

.097 



10.30 

.184 



.044 



6.60 

.070 



I trace 



100.46 I 



1 

AS. IIL 



CLAaS II. DOSALANE. 

RANG 1. PERALKAUC. 



48.21 i 18.33 

.804 ' .180 



4.29 



4.64 



.027 : .064 



1.41 I 2.77 

.036 I .050 



11.75 

.190 



5.83 

.062 



1.97 



! 0.13 

I 

I .002 



99.47 



CLASS III. SALFEMANE. 

RANG 1. PERALKALIC. ROCKALLASE. 



1 




1 
68.75 


5.91 


5.81 


5.33 


AS 


III 


1.146 

1 


.058 


.086 


.074 



0.08 I 2. 11 I 7.52 I 4.28 n. d. 



.002 , .038 , .121 .046 



100.02 



CLASS III. SALFEMANE. 

RANG 3. ALKALICALCIC. VAALASE. 



1 


52.82 


12. 51 


9.07 


3.98 


4.74 


8.08 


2.58 


2. 44 0. 75 


0.21 


2.08 


0.49 




99.75 


2.86 


A2. II 


.880 


.122 


.0.57 


.053 


.119 


.145 


.042 


.026 1 




.026 


.004 


















RANG 3. ALK 


ALICALCU 


C. VAALASE. 










1 


53.39 


12.18 


6.18 


6.70 


6.17 


6.80 


2.70 


L76 


2.09 


0.28 


L39 


1 1 

0.25 100.13 




A2. II 


.890 


.119 


.m 


.093 


.IM 


.121 


..0« 


.019 






.017 


.002 


, 


2 


52.41 


13.04 


9.46 


8. ,35 


3.50 


8.36 


3.24 


1.23 


1.26 






' 1(X). 85 

i 




A3, m 


.874 


.128 


.059 


.116 


.088 


.149 
RANG 


.a52 


.013 








1 


















4. DOCA 


LCIC. 












1 


49.57 


15.56 


8.79 


4.68 


7.09 


8.10 


2.18 


L07 


0.68 


0.50 


2.15 






100.37 


2.927 


AS. Ill 


.826 


.152 


.055 


.065 


.177 


.146 


.035 


.012 






.027 








160 
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ORDER 7. LENFEUC. ITALARE. 
SUBRANG 2. DOPOTASSIC. 



Inclusive. 


1 1 
Norm. 1 Locality. Analyst. i Reference. 

1 ' 


Author's name. 


Remarks. 


Cl 0.17 


or 17.8 di25.3' 
an20.6 ol 4.4 
Ic 16. 1 mt 3. 9 
ne 11. 4 


Lava of 1871, 
Mount Vesuvius. 


Morawski and ' Morawski and 
Schinnerer. ' Schinnerer, 

1 Vh. Wien. G. R-A., 
1 1872, p. 161. 
1 R. T. 1873, p. XL. 


Leucitophyre. 


Near II. 7. 3. 3. 



SUBRANG 3. S0DIP0TA8SIC. 



or 10.0 di25.6 

an 19. 7 ol 2.4 

lc22.7 mt7.7 
ne 12. 5 



Lava of 1871, 
Mount Vesuvius. 



Morawski and 
Schinnerer. 



Morawski and 

Schinnerer, 

Vh. Wien. G. R-A., 

1872, p. 161. 
R. T. 1873, p. XL. 



Leucitophyre. 



Near IL 7. 2. 3. 
andlL 7. 3.2. 



ORDER 8. FELDOLENIC. CAMPANARE. 
8UBUANG 4. DOSODIC. 



NiO 



0.14 



or 14. 5 ac 12. 5 

Ic 15.7 ns 5.5 

ne83.5 di 11.8 

ol 4.5 



Katzenbuckel, 
Odenwald. 



H. Rosen- 
busch. 



H. Rosenbusch, | Nephelinite- 

Neph. v. Katzenb., porphyry. 

Freiburg, 1869, p. 61. I 

R. T. 1869, p. cviii. 



ORDER 3. QUARFELIC. ATLANTARE. 

SUBRANG 2. DOPOTASSIC. 



CuO 


0.23 


Q28.0 
or 25. 6 
ab 6.8 


1 

ac 16.6 1 Sidori, 

3f §;Jl Fosso del Gallo, 

hy 5!i Pantelleria. 

1 


H, Forstner. 


H. Fttrstner, 

Z. K., VIII, 

p. 179, 1884. 
R. T. 1884, p. LXVL 


Pantellerite. 


InW.T., 
p. 311. No. 1, 
III. 3. 1. 2. 



ORDER 4. QUARD0FFJ:.IC. VAALARE. 
SUBRANG 8. SODIPOTASSIC. 



Traces of 
Cu, Co, Ni, As. 



Q 10.0 
or 14. 5 
ab22.0 
an 15.0 



dl 16.9 
hy 4.1 
mt 7.0 
11 4.0 
hm4.3 
ap 1.8 



Frauenberg, 
Breitfirst, Hesse. 



F. Knapp. 



F. Knapp, 
Doler. Gest. Frauenb., 
Wurzburg,1880,p.l5. ' 

R. T. 1884, p. LXXiL I 



Dolerite. 



SUBRANG 4. DOSODIC. VAALOSF.. 



SO, 0.24 


Q 8.8 
or 10. 6 
ab23.1 
an 15. 6 

Q 7.6 
or 7.2 
ab27.3 
an 17. 6 


di 14.4 
hy 18. 1 
mt 9.1 
il 2.6 

di 19.5 
hy 6.6 
mtl8.7 


Near Hasserode, 
Harz Mountains. 

Lion's Head, 
Capetown, 
Cape Colony. 


Pufahl. 

1 

W. F. HUle- 
brand. 


K. A. Lossen, 

Z. D. G. G., XXXII, 

p. 212, 1880. 
R. T. 1884, p. XXXIV. 

Cohen, 

N. J., 1874, p. 476. 
R. T. 1879, p. XLii. 


Quartz-gabbro. 
DUbaae. 


Near campton- 
oee. Cf. Noa. 
6-8, vaaloee, 
W. T., p. 311. 



SUBRANG 4,5. PRESODIC. 



Q 7.6 
or 6.7 
abl8.8 
an26.4 



di 10.8 
hyl2.7 
mt 8.8 
il 4.1 
hm2.7 



Bockenheim, 
Mainthal. 



Homstein. 



Homstein, 

Z. D. G. G., XIX, 

p. 316, 1867. 
R T. 1869, p. cxxxii. 



Anamesite. 
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SUPERIOR ANALYSES OF IGNEOUS ROOKS. 



CLASS III. SALFEMANE— Continued. 

RANG 2, DOMALKALIC. KILAUASE. 



No. 


SiO, 


A1,0, 


Fe,0. 


1 

FeO 1 MgO 


CaO Na,0 


K,0 


H,0 1 CO, ; TiO, 

1 ' 


PA 


MnO 


SniTi 


Sp.gT. 


1 
AS. m 


47.56 

.793 


12.69 

.124 


5.26 

.033 


3.35 

.047 


10.91 

.273 


8. 38 2. 33 

.160 .087 


3.98 
.043 


1 

2.16 , 0.88 

1 

1 

1 




0.91 

.006 




99.76 





RANG 2. DOMALKAUC. KILAUASE. 



1 


50.82 


9.14 


7.33 


7.03 


7.22 


11.63 


3.06 


1.02 


1.74 








0.38 


99.37 


2.66 


BS. IV 


.847 


.089 


.046 


.097 


.181 


.207 


.049 


.011 










.005 




ISP 



RANG 2. DOMALKALIC. KILAUASE. 



1 


49.86 


12.75 


3.36 


11.38 


4.39 


8.71 


5.25 


0.57 


2.56 




L33 


0.58 




100.74 




A2. II 


.831 


.125 


.021 


.158 


.110 


.155 


.085 


.006 






.017 


.004 









RANG 8. ALKAUCALCIC. CAMPTONASE. 



1 


52.35 


15.72 


2.90 


7.32 


7.36 


8.98 


2.81 


1.32 


L35 


0.23 




0.30 




100.64 




AS. m 


.878 


.154 


.018 


.101 


.184 


.161 


.045 


.014 








.002 








2 


52.00 


15.75 


3.55 


12.84 


3.42 


7.39 


3.37 


1.24 


0.35 


0.11 




1.06 




10L08 




BS. IV 


.867 


.154 


.022 


.178 


.066 


.132 


.055 


.014 








.008 








3 


48.60 


15.78 


3.22 


7.21 


10.13 


8.34 


3.77 


1.65 


L30 






0.11 




99.79 


2.81 


A8. m 


.810 


.154 


.020 


.100 


.258 


.149 


.061 


.018 








.001 








4 


47.53 


14.95 


6.73 


8.04 


7.41 


8.50 


2.98 


1.12 


L95 






trace 


0.73 


99.94 


2.d5 


A8. ni 


.792 


.147 


.042 


.112 


.185 


.152 


.048 


.012 








— 


.010 






6 


5L56 


14.78 


5.32 


7.01 


6.35 


8.06 


3.27 


L26 


1.10 


0.46 


L25 






100.42 


2.931 


A&in 


.860 


.145 


.088 


.097 


.159 


.144 


.068 


.014 






.016 








16P 


6 


50.93 
.860 


12.80 

.125 


4.32 
.027 


8.08 
.118 


5.94 

.149 


8.24 
.147 


3.28 

.068 


0.77 
.008 


L65 


0.14 


3.17 

.040 


0.75 
.005 




100.08 
(99.51) 


2.897 


7 

A2. II 


50.76 

.846 


14.50 

.142 


4.26 

.027 


6.93 

.096 


6.75 

.169 


7.55 
.135 


2.92 

.047 

f 


0.85 
.009 


1.78 


0.20 


3.06 

.088 


0.16 
.001 




99.75 
(99.69) 




8 


49.35 


15.71 


7.44 


6.96 


5.71 


9.80 


2.96 


1.31 


0.49 










99.73 


2.98 


As.in 


.828 


.154 


.047 


.097 


.148 


.175 


.048 


.014 
















9 


5L41 


12.92 


2.87 


9.29 


5.45 


11.46 


2.92 


0.70 


0.32 




2.61 




0.16 


100.11 


2.69 


A&m 


.857 


.127 


.018 


.129 


.186 


.205 


.047 


.008 






.083 




.002 




17« 
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ORDER 5. PERFELIC. GALLARR 

8UBRANG 3. SODIPOTA88IC. LAMAR08E. 



Inclusive. 


Norm. 


Locality. 


Analyst. 


Reference. 


Author's name. 


Remarks. 




W23.9 di 16.6 
abl6.2 ol 16.2 
anl2.2 mt V.7 
ne 6.1 ap 3.0 


Libsic, N. of Prague, 
Bohemia. 


Plaminek. 


Boricky, 

T. M. P. M., 1878, 

p. 610. 
R. T. 1879, p. XLVi. 


Mica- 
picrophype. 





8UBRANG 4. DOSODIC. KILAUOSE. 



Q 1.1 
or 6.1 
ab26.7 
an8.1 



di 39.7 
hy 6.8 
mtlO.7 



Kilauea, Hawaii. 



Cohen. 



Cohen, 

N.J.,1880, II, p. 41., 
R. T. 1884, p. Lxxx. 



Basalt (Pele's 
haur). 



Cf . Nos. 9 and 

10, kilauose. 

W. T., p. 315. 



SUBRANG 6. PERSODIC. 



or 8.3 


di 


26.1 


ab86.7 


ol 


10.6 


an 9.6 


mt 


4.9 


ne 4.3 


11 


2.6 




ap 


1.3 



South Staffordshire, 
England. 



Henry. 



Beete-Jukes, 

B. G. Soc. Fr., 

XXIII, p. 121, 1866. 
R. T. 1869, p. Lxxxii. 



Greenrock. 



SUBRANG 4. DO8ODIC. CAMPTONOSE. 



Li«0 trace 



CI 



0.01 



80k 0.08 



Q 1.8 
or 7.8 
ab28.6 
an 26. 4 

Q 1.3 
or 7.8 
ab28.8 
an 28. 6 

or 10.0 
abl9.9 
an 20. 9 
ne 6.6 



or 6.7 
ab26.2 
an 24. 2 



Q 1.7 
or 7.8 
ab27.a 
an 21. 7 



Q 6.7 
or 4.6 
ab27.8 
an 17. 8 



Q 6.8 
or 6.0 
ab24.6 
an 23. 9 



or 7.8 
ab26.2 
an 26. 6 



Q 1.6 
or 4.6 
ab24.6 
ah 22.8 



di 14.9 
hy 18.7 
mt 4.2 



di 4.7 
hy 26.8 
mt 6.1 
ap 2.7 

di 16.6 
ol 20.1 
mt 4.6 



di 14.7 
hv 6.6 
of 10.6 
mt 9.7 

di 14.8 
hy 16.1 
mt 7.7 
il 2.4 



di 16.0 
hy 18.6 
mt 6.8 
il 6.1 
ap 1.7 

di 10.9 
hy 16.8 
mt 6.8 
U 6.8 



dl 18.7 
hy 9.9 
of 1.4 
mt 10.9 



di 28.0 
hy 10.2 
mt 4.2 
il 6.0 



Little Falls, 
Minnesota. 



Richmond, 
Minnesota. 



Navesink Peak, 
Elkhead Mts., 
Colorado. 



Stichill, Scotland. 
Louisa, Mainthal. 



Buhl, 
n. Weimar, Cassel. 



Buhl, 
n. Weimar, Cassel. 



Cuddle Monti, 
Pantelleria. 



Lava of 1843, 
Kilauea, Hawaii. 



Streng. 
Streng. 



R. W. Wood- 
ward. 



J. J. H. Teall. 



Homstein. 



Dietrich. 



Dietrich. 



Fttrstner. 



Cohen. 



Streng, 

N. J., 1877, p. 129. 
R. T. 1879, p. xxxnr. 

Streng, 

N. J., 1877, p. 124. 
R. T. 1879, p. xxxnr. 

C. King, 

G. Expl. 40th Par., I, 

p. 676, 1878. 
R. T. 1879, p. LXii. 

J. J. H. Teall, 

N. J., 1884, I, p. 73. 
R. T. 1884, p. XLii. 

Homstein, 

Z. D. G. G., XIX, 

p. 325, 1867. 
R. T. 1869, p. cxxxii. 

Mohl, 

Ber. Offenb. Ver. Nk., 

1868, p. 77. 
R. T. 1869, p. CXXXII. 

Mohl, 

Ber. Offenb. Ver. Nk., 

1868, p. 77. 
R. T. 1869, p. CXXXII, 

Forstner, 

T. M. P. M., 1883, 

p. 393. 
R. T. 1884, p. Lxxvi. 

Cohen, 

N. J. 1880, II, p. 41. 
R. T. 1884, p. LXXX. 



Augite-diorite. 
Augite-diorite. 



Nephelite- 
basalt. 



Porph3nite. 



Anamesite. 



Anamesite. 



Anamesite. 



Basalt 



Basalt obsidian. 



Near 
auTergnose. 



Not in W. T. 



Sum given as 



Sum given as 



Not in W. T. 



Near omoee. 
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SUPERIOR ANALYSES OF IGNEOUS ROCKS. 



•CLASS III. SALFEMANE^-Continued. 
RANG 8. ALKALICALCIC. CAMPTONASB-Continaed. 



No. 


SiO, 


A1,0, 


Fe,0, 


FeO 


MgO 


CaO 


Na,0 
3.23 


K,0 


H,0 
0.57 


CO, TiO, 


PA 


MnO 


Slim 


Sp.gT. 


1 


53.81 


13.48 


3.02 


7.39 


6.46 


10.34 


0.64 




2.01 




trace 


100.95 


2.75 


B2. m 


.897 


.132 


.019 


.103 


.162 


.185 


.062 


.007 






.025 








170 


2 


6L12 


10.09 


5.35 


8.59 


9.68 


9.72 


3.38 


0.56 


1,31 










99.80 


2.73 


AS. in 


.862 


.099 


.084 


.119 


.2i2 


.173 


.056 


.006 








• 






ifio 


3 


50.74 


11.98 


3.41 


8.11 


7.25 


12.42 


2.74 


0.24 


0.52 




L68 




0.54 


99.63 


2.98 


A2. n 


846 


.118 


.021 


.113 


.181 


.221 


044 


.002 






.021 




.008 







RANG 4. DOCALCIC. AUVERGNASE. 



1 


49.18 


13.52 


5.52 


10.31 


6.83 


11.51 


1.84 


0.06 


0.34 




0.52 


0.13 


0.28 


100.04 


3.016 


A2. n 


.820 


.182 


.034 


.143 


.171 


.205 


.030 


.001 






.007 


.001 


.004 






2 


48.04 


13.13 


6.89 


n.i4 


5.17 


10.87 


2.83 


0.06 






0.39 


0.07 


0.11 


100.72 


3.024 


A2. U 


.801 


.129 


.043 


.156 


.154 


.195 


•.046 


.001 






.006 


.001 


.002 






3 


52.68 


14.14 


1.95 


9.79 


6.38 


9.38 


2.56 


0.87 


i.m 








0.44 


99.79 


2.97 


A3, m 


.878 


.137 


.013 


.186 


.160 


.168 


.042 


.009 










.006 






4 


52.42 


14.54 


1.25 


9.84 


7.53 


10.59 


2.23 


0.49 


0.55 








0.51 


99.75 


3.00 


A3, m 


.874 


.142 


.008 


.137 


.188 


.189 


.036 


.006 










.007 






5 


5L78 


14.20 


3.59 


8.25 


7.63 


10.70 


2.14 


0.39 


0.63 






0.14 


0.44 


99.89 


3.03 


A3, m 


.868 


.189 


.023 


.116 


.191 


.191 


.034 


.004 








.001 


.006 






6 


53.13 


13.74 


L08 


9.10 


8.58 


9.47 


2.30 


1.03 


0.90 








0.43 


99.76 


2.96 


A3, m 


.886 


.135 


.007 


.128 


.215 


.170 


.037 


.011 










.006 






7 


49.67 


13.57 


7.79 


7.21 


5.53 


12.37 


L57 


L20 


0.15 




L50 






100.56 


2.958 


A8.m 


.828 


.133 


.049 


.100 


.188 


.221 


.026 


.013 






.019 










8 


49.63 


16.18 


L92 


12.03 


5.38 


9.33 


L89 


0.81 


0.55 




L75 


0.44 


0.30 


100.66 


3.02 


Al. I 


.827 


.169 


.012 


.167 


.145 


.166 


.031 


.008 






.022 


.003 


.004 




ifio 


9 


47.36 


16.79 


L53 


7.93 


6.53 


10.08 


2.85 


0.84 


3.05 


0.48 


0.51 


0.26 


0.44 


100.61 


3.081 


A2. n 


.799 


.166 


.009 


.110 


.163 


.180 


.046 


.009 






.006 


.002 


.006 






10 


45.93 


15.09 


L87 


n.45 


14.82 


8.92 


1.93 


0.22 


0.58 










100.81 




A3, in 


.766 


.148 


.012 


.169 


.371 


.169 


.031 


.002 
















11 


49.87 


14.80 


8.25 


6.88 


6.77 


9.36 


2.81 


0.68 


0.45 










99.87 




A3, m 


.881 


.146 


.062 


.096 


.169 


.167 


.046 


.007 
















12 


50.75 


16.54 


2.10 


7.88 


7.65 


11.96 


2.13 


0.56 


0.35 










99.92 




A3, m 


.846 


.162 


.013 


.uo 


.191 


.214 


.034 


.006 

















8ALFEMANE AUVEEGN08E. 
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ORDER 6. PERFELIC. GALLARE— Continued. 

SUBRANG5. PERSODIC. 0RN06E. 



Inclnsive. 



Norm. 



Q 3.8 dl25.2 

or 8.9 hyll.8 

ab27.8 mt 4.4 

an20.8 11 8.8 



or 8.8 dl 30.3 

ab28.8 hy30.3 

aPlO.6 of 7.9 

mt 7.9 



Q 1.5 dl83.5 

or 1.1 hyll.3 

ab23.1 mt 4.9 

an 20.0 11 8.2 



Locality. 



Analyst. 



Kilauea, Hawaii. 



LAva of 1868, 
Mauna Loa, 
Hawaii. 



Lava of April, 1867, 
Niuafou, 
Tonga Islands. 



Cohen. 



Cohen. 



von Werveke. 



I 



Reference. 



Cohen, 

N. J., 1880, II, 

p. 4L 
R. T. 1884, p. Lxxx. 

Cohen, 

N. J., 1880, II, 

p. 41. 
R. T. 1884, p. LXXX. 

Cohen, 

N. J., 1880, II, 

p. 41. 
R. T. 1884, p. LXXX. 



Author's name. 



Basalt-obddian. 



Basalt-pumice. 



Basalt-obsidian. 



Remarks. 



Near campton- 
ose. 



8UBRANG 4.5. PRESODIC. AU\'ERGNOSE. 



ca • 

Cu 


trace 
trace 


Q 8.8 
or 0.6 
abl5.7 
an 28.1 


dl 23.7 
hyl8.9 
mt 7.9 
11 1.1 


ca 

8 

c 

H? 


trace 
0.98 
0.79 
0.26 


Q 0.4 
or 0.6 
ab23.6 
an 23.1 


dl25.5 
hyl4.4 
mtlO.O 
11 0.8 
pr 1.8 






Q 2.1 
or 5.0 
ab22.0 
an 23. 9 


dll8.9 
hy22.9 
mt 8.0 






Q 1.6 
or 2.8 
abl8.8 
an 28. 4 


dl 19.9 
hy26.0 
mt 1.9 






Q 3.5 
or 2.2 
abl7.8 
an 28.1 


dl 20.4 
hy21.4 
mt 5.8 






Q 0.4 
or 6.1 
ab 19. 4 
an 24. 2 


dll8.9 
hy28.0 
mt 1.6 






Q 6.5 
or 7.2 
abl3.6 
an 26.1 


di28.2 
hy 4.5 
mtll.4 
U 2.9 


F 

8 

CuO 


trace 
0.07 
0.88 
trace 


Q 2.8 
or 4.6 
abl6.2 
an 33.4 


di 8.8 
hy27.9 
mt 2.8 
U 8.3 
ap 1.0 


CI 
Pee, 


trace 
1.96 


or 5.0 
ab24.1 
an 80. 6 


dl 15.9 
hy 8.4 
of 12.9 
mt 2.1 
11 0.9 
pr 2.0 






or 1.1 
abl6.2 
an 32.0 


dl 9.9 
hy 2.9 
OI36.8 
mt 2.8 






Q 2.8 
or 8.9 
ab28.6 
an 26. 9 


dll6.5 
hyl4.8 
mtl2.1 






or 8.8 
abl7.8 
an 88.9 


diao.9 

hyl8.6 
of 1.8 
mt 8.0 



Brededal, Disco, 
Greenland. 



Ovifak, Greenland. 



Mount Holyoke, 
•Massachusetts. 



Wintergreen Lake, 
New Haven, 
Connecticut. 



West Rock, 
New Haven, 
Connecticut. 



Jersey City, 
New Jersey. 



Thiorsa, Iceland. 



Radauthal, 
Harz Mountains. 



Lupbode, 
Harz Mountains. 



Ottenschlag, 
Austria. 



San Marco, 
Pantelleria. 



Kilauea, HawaiL 



Nauckhoff. 



Nauckhoff. 



G. W. Hawes. 



G. W. Hawes. 



G. W. Hawes. 



G. W. Hawes. 



S. von Walters- 
hausen. 



Streng. 



Kayser. 



Gamroth. 



Forstner. 



Allen. 



Nauckhoff, 
i T. M. P. M., 1874, 
p. 120. 
R. T. 1879, p. Lxxiv. 

Nauckhoff, 

T. M. P. M., 1874, 

p. 121. 
R. T. 1879, p. LXXIV. 

G. W. Hawes, 
A. J. S. (3), IX, 
p. 186, 1875. 

R. T. 1879, p. XLii. 

G. W. Hawes, 
A. J. S. (3), IX, 
p. 189, 1875. 

R. T. 1879, p. XLII. 

G. W. Hawes, 
A. J. S. (3), IX, 
p. 186, 1875. 

R. T. 1879, p. XLiL 

G. W. Hawes, 
A. J. S. (3), IX, 
p. 187, 1875. 

R. T. 1879, p. XLII. 

S. von Waltershausen, 
Abh. Ges.Wiss.G6tt., 
X, p. 23, 1862. 

R. T. 1869, p. cxxxvi. 

Streng, 

N. J., 1862, p. 966. 
R. T. 1869, p. Lxx. 



Kayser, 

Z. D. G. G., XXII, 

p. 159, 1870. 
R. T. 1873, p. XXIV. 

Gamroth, 

T. M. P.M., 1877, 

p. 278. 
R. T. 1879, p. XLvi. 

Forstner, 

T. M. P. M., 1883, 

p. 393. 
R. T. 1884, p. LXXVL 

J. D. Dana, 

A. J. 8. (3), xvni, 

p. 134, 1879. 
R. T. 1884, p. LXXX. 



Basalt. 



Basalt. 



Dolerite (dia- 
base). 



Dolerite (dia- 
base). 



Dolerite (dia- 



Dolerite (dia- 
base). 



Anorthite rock. 



Gabbro. 



Diabase. 



Paleopicrite. 



Basalt 



Basalt (Pole's 
hair). 



Mean of several. 



Not fresh. 



Not in W. T. 
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SUPEBIOB ANALYSES OF IGNEOUS BOCKS. 



CLASS III. SALFEMANE— Continued. 

RANG 8. ALKAUCALCIC. LIMBURQASE. 



No. 


SiO, 


A1,0, 


Fe,03 


FeO 


MgO 


CaO 


Na,0 


K,0 


H,0 


CO, 


TiO, 


PA 


MnO 


Sum 


Sp.gr. 


1 


43.60 


U.76 


7.84 


15.38 


3.33 


10.32 


3.42 


1.36 


1.00 




0.82 




0.23 


99.06 


2.842 


B2. m 


.727 


.116 


.065 


.214 


.068 


.184 


.065 


.016 






.010 




.006 






2 


41.01 


11.58 


12.54 


7.60 


8.67 


12.20 


2.57 


1.45 


L87 




0.48 


0.75 




100.72 


3.024 


A2. n 


.684 


.118 


.078 


.106 


.217 


.218 


.042 


.016 






.006 


.006 








3 


41.97 


15.83 


6.06 


8.38 


15.81 


6.32 


2.64 


1.55 


1.08 




0.02 




0.23 


99.89 




AS. in 


.700 


.154 


.088 


.U7 


.896 


.118 


.042 


.017 






— 




.006 







RANG 4. DOCALCIC. 



1 


41.33 


18.31 


8.52 


6.10 


8.40 


11.76 


2.34 


1.01 


1.63 










99.40 


A8. m 


.689 


.179 


.068 


.086 


.210 


.210 


.088 


.011 















CLASS III. SALFEMANE. 
RANG 1. PERALKALIC. MAUGNA8E. 



1 


46.97 


14.55 


8.79 


6.02 


1.40 


9.46 


8.18 


3.07 


1.53 










99.97 




A8,ra 


.788 


.142 


.065 


.088 


.086 


.160 


.182 


.088 

















RANG 2. DOMALKAUC. KAMERUNASE. 



1 


45.04 


16.04 


7.10 


8.23 


4.46 


10.19 


6.11 


2.85 


0.33 










100.35 




A8. m 


.761 


.167 


.044 


.114 


.112 


.182 


.098 


.081 
















2 


42.65 


15.35 


6.46 


8.19 


7.14 


n.96 


5.02 


1.47 


1.28 










99.52 




AS. m 


.711 


.160 


.040 


.114 


.179 


.214 


.081 


.016 










1 

1 





RANG 8. ALKAUCALCIC. ETINDASE. 



1 


40.53 


14.89 


L02 


n.07 


8.02 


14.62 


2.87 


L95 


L44 


0.17 


L80 


L32 


0.16 


99.86 


3.043 


A2.n 


.676 


.146 


.006 


.164 


.201 


.261 


.047 


.021 






.028 


.009 


.002 




ISP 



CLASS III. SALFEMANE. 

RANG 2. DOMALKALIC. ALBANA8E. 



1 


41.24 


15.28 


'4.64 


9.09 


8.69 


12.97 


3.66 


3.64 


0.92 










100.13 




AS. in 


.687 


.160 


.029 


.126 


.217 


.282 


.060 


.088 

















RANG 2. DOMALKALIC. ALBANASE. 



1 


39.64 


16.98 


6.61 


9.81 


6.65 


10.58 


5.95 


8.09 


L32 










100.13 




AS. m 


.661 


.166 


.041 


.129 


.166 


.189 


.096 


.068 
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ORDER 6. LENDOFELIC. PORTUGARE. 
SUBRANG 4. D080DIC. UMBURGOSE. 



Inclusive. 



Norm. 



or 8.3 di33.0 

abl4.7 ol 8.8 

an 12. 6 mtl2.8 

ne 7.7 U 1.5 



or 9.0 
ab 7.3 
an 15. 3 
ne 8.0 



di32.0 
ol 6.8 
mtl8. 1 
il 0.9 
ap 1.7 



or 9.5 di 4.0 

ab 7.8 ol 85.6 

an26.4 mt 8.8 
ne 8.0 



Locality. 



Scbeideberg, 
Remain, 
Rhenish Prussia. 

Sparbrod, 
Rhongebir}^. 



Philip Island, 
Victoria, 
Australia. 



Analyst. 



Mohl. 



Sonimerlad. 



Selwyn and 
Ulrich. 



Reference. 



Mohl, 
N. J., 1874, p. 203. 
R. T. 1879, p. Lxxii. 

Sommerlad, 
N. J. B. B., II, 
p. 155, 1882. 

R. T. 1884, p. Lxxiv. 

Selwyn and Ulrich, 
Geog. Phys. Vict., 
1866. p. 59. 

R. T. 1869, p. cxii. 



Author's name. 



Anamesite. 



Hornblende- 
basalt. 



Basalt. 



Remarks. 



8UBRANG 4,5. PRE80DIC. 



or 6.1 dil7.6 

ab 6.8 ol 12.0 

an 86.1 mtl2.3 
ne 7.4 



Weilberg, Nassau. 



V. Gerichten. 



V. Grerichten, 

N. J., 1874, p. 740. 
R. T. 1879, p. Lxxvi. 



Basalt. 



RANG 7. LENFELIC. KAMERUNARE. 
8UBRANG 4. D080DIC. MALIGNOSE. 



or 18. 4 ac 10.6 

ab 2.6 di 20.0 

ne29.5 wo 9.6 

mt 7.4 



Katzenbuckel, 
Odenwald. 



H. Rosenbusch. 



H. Rosenbusch, 
Neph. Katzenb., 
Freiburjj, 1869, p. 

R. T. 1869, p. c\i. 



Nephelinite. 



SUBRANG 4. DOSODIC. KAMERUNOSE. 



or 17. 2 di 85.8 
an 7.8 ol 2.2 
ne27.8 mt 10.2 



or 8.8 di 86.4 

anl4.7 ol 7.2 

Ic 4.4 mt 9.8 
ne23.0 



Upper Picos Valley, 
Santiago, 
Cape Verde Islands. 



Upper Picos Valley, 
Santiaffo, 
Cape Verde Islands. 



Kertscher. 



Kertscher. 



C. Doelter, 

Die Capverden, 1882, 

p. 79. 
R. T. 1884, p. Lxxxii. 

C. Doelter, 

Die Capverden, 1882, 

p. 49. 
R. T. 1884, p. LXXIV. 



Augitite. 



Basalt 



Traces of CI, F, S. 
Cr,0,, NiO, and 
BaO. 



an21.7 di 19.8 

Ic 9.2 ol 19.9 

nel8.4 am 6.9 

mt 1.4 

11 8.5 

ap 8.0 



SUBRANG 4. DOSODIC. ETINDOSE. 



Roesberg, 
n. RoflBdorf, 
Hesse-Darmstadt. 



Petersen. 



Petersen, 

N. J., 1869, 

p. 36. 
R. T. 1869, p. CXII. 



Basalt. 



ORDER 8. FELDOLENIC. BOH EM ARE. 
SUBRANG 8. 80DIPOTA8SIC. 



anl4.7 di 1.6 

Ic 16.6 ol 24.5 

nel6.8 am 17.4 

mt 6.7 



Herchenberg, 
Laacher See, 
Rhenish Prussia. 



Rammelsberg. 



Rammelsber^, 

priv. contnb., 1872. 
R. T. 1873, p. XLiv. 



Nephelkiite. 



Calc. from 
sol. and 
insol. 



SUBRANG 4. DOSODIC. COVOSE. 



anlO.8 di 6.4 

le 14.4 ol 18.8 

ne27.8 am 12.5 

mt 9.5 



St Vincent, 
Cape Verde Islands. 



Kertscher. 



C. Doelter, 

Die Capverden, 1882, 

p. 15. 
R. T. 1884, p. XLii. 



Oli vine- 
diabase. 



«0 



SUPERIOR Al!fALYi^EH OF K^XBOCR B<XXa. 



CLAS8 m. flALPEMAXE— Continiwd. 

RA!fG 1. PCRALKaUC. EJOLA8E. 



5o. 



A^ n 



j^i03 Al,4 s Pp/>, FeO MgO C^iO Xa,0 K^ > H,r> CO, 'HO, PjOj , MnO Sam Sp.gr. 



45. »M n.:$5 m.l>2 4.^ 4.»12 
.75! .Ill .IWT .om .11« 



r.J* 7.86 2.»3 I.i52 

.140 .127 .iSl 



a 12 0.18 100.29 3L09tf 



2 44.1W 11.11 ^,yf2 5.J« 4. JVi 0.55 8.75 Xrt7 2.96 

jw. FT 747 .io» .•wi .Jim .122 .171 . i» .aa» 



a46 0.12 9».94 2.843. 



I 



22. 5P 



I 

Ad. m 



] 



CLA8S rv. DTiPEMAXE. 

RA?rr, I PTfR^fTRUr. rORTLANDTABK. 3BCTTON 1. PKRMIRIC. COBTLA^TDTlAiK. 



40.7i>; 10.41 



X 52 

./>22 






8.48 



i.n 



0.71 


4.04 tnce 


99.39 


.087 




1 ; : 

: 1 ' 



r:LA88 IV. DOFEMA5E. 

RAr^r, I. PKRMIRUC. PAOLASS. SRCTIOX i DOMIRIC. 



42,m 9.42. 11.55 7.23 10.09 13.15 2.71 



.711 



.0*2 I 



.0?2 



.100 



.2U . 



15 


2.71 


1 

1.16 1.06, 


0.51 


1.29 \ 


100.85 


3.114 


3»V 


.048 


.012 i 

! ! 

; 1 
i 1 


.008 


.0»; 

1 

1 







1 


^.m 


n.2h 


10.15 


4.69 


An. w 


,90b 


.\»\ 

1 


.OM 


.Wh 



CLA88 IV. DOFEMANE. 
RANO 1. PKRMIRUC. TKXA8K. SlSCTTOir i DOMIBIC. UVALDIASX. 

14.50' 14.13 



.983 I 



13 


1.89 


0.76 0.57 


0.89 






tnce 


99.55 


3.15 


253 


.081 


.006 








— 
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ORDER. 9. PERLENIC. FINNARE. 
SUBRANQ 4. DOSODIC. UVAAROSE. 



Inclusive. 


Norm. 


Locality. 


Analyst. 


Reference. 

H. Rosenbusch, 
Nephel. Katzenb., 
Freiburg, 1869, p. 39. 

R. T. 1869, p. CVI. 

H. Rosenbusch, 
Nephel. Katzenb., 
Freibun?, 1869, p. 65. 

R. T. 1869, p. CVIII. 


Author's name. 


Remarks. 


so, trace 
8tO trace 


or 2.5 
Ic 11.6 
ne23.0 

Ic 17.0 
nel9.9 


ac21.8 
diSl.l 
ol 0.2 
mt 9.5 

acl8.0 
di23.8 
ol 6.3 
am 6. 9 
mt5.1 


Katzenbuckel, 
Odenwald. 

Katzenbuckel, 
Odenwald. 


H. Rosenbusch. 
H. Rosenbusch. 


Nephelinite. 
Nephelinite. 


Nearly in dofe- 
mane. 

Nearly in dofe- 
mane. 



ORDER 1. PERPOLIC. HUNGARARE. SECTION 4. DOMOLIC. 

SUBRANG 2. D0MAGNE8IC. CUSTEROSE. 



or 2.8 dil8.4 

an 18. 9 ol 41.6 

Ic 0.9 mt 5.1 
ne 7.7 



Gumbelberg, 
Neutitschein, 
Moravia. 






Jubasz. 



G. Tschermak, 
Porphyrg. Oestr., 
1869, p. 247. 

R. T. 1869, p. Lxxxvi. 



Picrite. 



ORDER 2. DOPOLIC. SCOTARE. SECTION 2. DOPYRIC. PAOLIARR 

SUBRANG 2. DOMAGNESIC. 





or 6.7 di 86.9 


Todtenkopfchen, 
Rhongeoirge. 


H. Sommerla<l. 


H. Sommerlad, 
N. J. B. B., h. 


Hornblende- 


InW.T.,p.359. 
No. 4. IV. 2^. 1». 2. 




ob 11.5 ol 7.6 
an 10.0 mt 16.7 




basalt. 




ne 6.3 il 0.9 






p. 155, 1882. 




Mol. ratio of 




ap 3.0 






R. T. 1884, p. Lxxiv. 




Fe,0,inW.T. 
wrong, also 
norm. Cor- 
rect here. 



ORDER 2. DOPOLIC. SCOTARE. SECTION 3. PYROLIC. TEXIARE. 

SUBRANG 2. DOMAGNESIC. UV ALDOSE. 



S^' 


0.18 
trace 


an 22.5 di 27.4 

Ic 3.5 ol 16.5 

ne 8.8 am 4.4 

mt 14.8 


Ottendorf, 
Silesia. 


Scharizer. 


Scharizer, 
Jb. Wien. G. R-A., 
XXXII, p. 475, 1882. 

R. T. 1884, p. LXiv. 


Nephelite- 
basalt. 





INDEX TO TEXT. 



Pa«e. 

Abbreviations, list of 17-19 

Accuracy of analytical methods 11-lS 

Analyses, completeness of 10-11 

inferior, definition of 9 

number of 17 

quality of, at different periods 15-16 

rating of 8-9 

re j ection of, grounds for 7-10 

selection of, basis of 7-10 

superior, definition of 9 

Analytical methods, accuracy of 11-18 

Cli ssificatory position, designation of 13-15 

Completeness of analyses. 10-11 

Cross, Iddings, Pirsson, Wastiington, dted 7,14 

Cross. Whitman, letter of transmittal by 6 

Geikie, Sir Archibald, cited 16 



Iddings, J. P., cited 14 

Inferior analyses, definition of 9 

Iron oxides, determination of 10 

Milch, cited 14 

Minerals, abbreviations for 18-19 

Norm, calculation of, in estimating accuracy 12-18 

Phosphoric anhydride, determination of 10-11 

Quality of analyses at different periods 15-17 

Ratings of analyses, criteria for 8-10 

Rejection of certain analyses, grounds for 7-10 

Roth, J., cited 7 

Selection of analyses, basis of 7-10 

Subrang, designation of 18-15 

Superior analyses, definition of 9 

Titanium dioxide, determination of 10-11 

Washington, H. 8., cited 7,8,10,11,12 



INDEX TO NEW ROCK NAMES. 



Page. 

Adamelloee 41 

Akerofle 45 

Alaflkase 22 

AlaskoM -23 

AUbachaae.;. 22-24 

Alabacbose 25 

Amiatose 36 

Andaae 44-60 

Andose 47-49 

Atlantare 63 

Austrare 39-43 

Auvergnaae. 66 

Auvergnofle 67 

Bandaae 42 

Ban dcjae 43 

Beerbachose '. 61 

Bohemure 59 

Brltannare 27-35 

Campanare 53 

Camptonafle 54-66 

Camptonosc 55 

Canadare 86-37 

ColoradaMe S4 

Columbare 23-27 

CortlandtaAe 60 

Cortland tiaj<e 60 

Ck»voHe 59 

Ctu«tcro«e 61 

Daca»e 40 

Dacofio 41 

Dellenose 31 

Dofemane 60 

Dcwalane 38-62 

Etlndawe 58 

Etinjioso 59 

Finnare 61 

Gallare 56-^7 

Oermanare 45-51 

Gronidose 39 

Harzooe '. 43 

Hessase 50 

Hessose 51 

Hispanare 39 

Hungarare 61 

II vaaroMe 61 

IJolase 60 

Ilmenose 45 

Italare 53 

Kallerudose 31 

Kameninarc 69 

KaxneninaAe 58 

Kamerunose 59 

Kilauasc 64 

Kllauo«e 55 

LaaBenme 33 

64 



Page. 

Laurdalase 50 

Laorvikose 37 

Lebachoflc 27 

Limbuigaae 58 

Llmbuigoae 59 

Lipaiase 25-30 

Liparose 27-29 

Malignase 58 

Malignoee 59 

Maripofioee 37 

Miaakase 36 

Miaskose 37 

Monzonaae 44 

Monzonooe 45 

Nordmarkaae 34 

Nordmarkcwie 35 

Norgare 51 

Omeoee 27 

Omose 57 

Pantellerase 38-40 

Pantellerose 41 

Paolase 60 

Paoliare 61 

Persalane 22-36 

Portugare 59 

Polaakase 34-36 

Pulaskose 35-37 

Riesena.se 24-26 

Bockallase 52 

Ruasare . . . .' 37 

Salfemane -^ 62-60 

ScoUire 60 

ShoHhonose 45-47 

Taurose 23 

Tebamose 25 

Texa«e 60 

Texiare 61 

Tonala.se 42 

Tonalose 43 

Todcanase 30-34 

Toscanose 31-38 

Umptekase 44 

Umptekose 45 

Uvaldiase 60 

Uvaldoee 61 

Vaalare 58 

Vaalase 5* 

Vaalose 53 

Varingase 38 

Varingoee 39 

Viezzenase 36 

Viezzenoee 37 

Vulcanose 27 

Westphalose 28 

Yellowstonoee 35 



INDEX TO OLD ROCK NAMES. 



Page. 

Anameslte 47,53,55,59 

Andesite 83,87,41,43,45,47,49 

Anorthite rock 57 

Aplite 25 

Augltite 59 

Basalt 43,45,47,49,51,63,55,67,59 

Dacite 31,83,35,43 

Diabase 47,49,53,57,59 

Dlorite 48,46,47,49,51,55 

Diorite-porphyry 43 

Ditroite 37 

Dolerite 49,51,63,57 

FeUIte 23 

Pelsite-porphyiy 23,27,29,81,83,39 

Pelsophyre 39 

Forellensteiu 51 

Qabbro 61,68,67 

Granite 23.25,27,29,81,88,36,39,41,46 

Granite-porphyry 27, 38, 41 

Granite, segregation in 41, 45 

Granophyre 23, 29 

Greenrock 55 

Greenstone 43,46 

Hornblende-basalt 69, 61 

Keratophyre 23, 31 , 46 

Labradorite rock 43, 49 

Leucltite 51 

Leueitophyre 37, 63 

LIparite 25,27,31,38,85,41 

Melaphyre 48,47,61 

Mica-plcrophyre 66 

Nephellnite 68,69,61 
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Page. 

Nephelite-bosalt 66, 61 

Nephclite-syenite 37 

Norite 48,49 

Obsidian 29,37,56 

Olivine-diabase 49,59 

OrUerite 45.47 

Paleopicrite 57 

Pantellerite 89,41,53 

Pole's hair 65,67 

Perlite 33 

Phonolite 37 

Picrite 67,61 

Picrophyre 66 

Pitchstone 27,83,43 

Porphyrite 43,49,65 

Proterobase 47 

Protogine 33 

Quartz-diorite 35,39,41,61 

Quartz-gabbro 68 

Quartz-keratophyre 23, 31 

Quartz-norite 48 

Quartz-porphyrlte 41, 47 

Quartz-porphyry 28, 41 

Rapakiwi granite 25, 29 

Rhyolite 25 

Segregation in granite 41, 46 

Suldenite 48,49 

Syenite 45 

Tachylyte 61 

Trachyte 86,87,45 

Trap 61 
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INDEX TO LOCALITIES. 



Armenia 83 | 

Australia: 

Victoria 49,69 | 

A uatrla-Hungary : 

Austria. 51,57 ! 

Bohemia 43,47,56 

Hungary 2% 36,37, 43 

Moravia 61 

Styria 33,43 

Tyrol 83,41,43,46,47,49,61 

Canary Islands 37 

Cape Colony 53 

Cape Verde Islands 37,59 

Ecuador 43 

Ferdinandea Island 49 

Finland 23,26,27,29,31,86,43 

France 83 

Germany: 

Baden 28, 25, 81, a5, 41 

Hanover 51 

Harx Mountains 28,31,83,46,61,58,57 

Hegau 87 

Hesse Caswl 65 

Hesse DaxTnstadt 63,59 

Hesse Nassau 89,6© 

Mainthal 47,68,66 

Odenwald 68,69,61 

Palatinate 47 

Rhenish Prussia 36,46,61,69 

Rh5ngebifge 46, 69, 61 

Saxony 28,29 

Silesia 41.61 

ThuringU 41 

Vogesen 28,25,29,86,41,45,61 

Westphalia 28,61 



Page. 
Great Britain: 

England 65 

Ireland. 23,27,81,88,39.43,45,51 

Scotland 27,81.41,55 

Wales 28,47 

Greenland 67 

Guatemala 83 

Hawaii 65,67 

Iceland 25,57 

Italy 23,27,29,88,85,39,46,49,68 

Ischia 85,87.45 

Ponza 27,29,88 

SlcUy 49 

Mytilene 33 

Pantelleria 37,89,41,58,55,57 

Patagonia 41,43,46 

Peru 35 

Philippine Islands 46, 47, 49 

Sweden 29,88,85,41,48.46,47,51 

Tonga Islands 67 

United SUtes: 

California 88 

Colorado 47,66 

Connecticut 67 

Maasachusetts 67 

Minnesota 89,41,65 

Nevada 27,81,45,47,61 

New Hampshire 27 

New Jersey 57 

Oregon 61 

Wyoming 61 
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ERRATA IN PROFESSIONAL PAPER NO. 14. 



I take advantage of this opportunity to call attention to a number of corrections 

which must be made in Professional Paper No. 14, for some of which I have to thank 

several friends. While the majority may be regarded as of slight importance, yet 

those which aflfect the norms and the classificatory positions of several rocks should 

be carefully noted. The most important changes in position are: 

No. 12 umptekose, p. 253, should be No. 18a laardalose, p. 297. 

No. 2 vulturoee, p. 305, should be No. 2 II.8.2.4., p. 307. 

No. 2 vesuvoee, p. 307, should be No. 4 braccianose, p. 305. 

No. 1 paoloee, p. 361, should be No. 1, subrang 2 of section 3 of texase, p. 363. 

I may add once more that I shall consider it a very great favor to be informed 
of any errors or omissions either in Professional Paper No. 14, or in the present 
work, so that the proper corrections nolay be incorporated in a subsequent paper. 

Page 23, line 6 from bottom, fw miaskares read miaskases. 

Page 34, lines 7 and 9 from bottom, ^'w one-ninth read one-tenth. 

Page 34, line 5 from bottom, ftrr one-tenth read one-ninth. 

Page 83, line 6, dele femic. 

Page 84, lines 7, 8, 9 from bottom, for q read 60q. 

Page 85, lines 10-14 and 19-23, for r read (r+u); for s read (s-j-v). 

Page 85, lines 19-24, for Rang read Subrang. 

Page 90, line 10, for 436 read 462. 

Page 104, line 7 from bottom, after silica {rvMri and soda with decreaping silica. 

Page 112, Femic Subrangs, /or NgO read MgO. 

Page 139, No. 1 riesenose, Author's name col., xn^eri Porphyry. 

Page 195, No. 3 nordmarkose. Remarks col., Viwert phlegrose. 

Page 199, No. 4 Noilsinose, Remarks col., for syenase read nordmarkase. 

Page 207, No. 3 canadase. Remarks col., /or A.G. readZX^. 

Page 226, heading, FejOs col., for FejO^ read Fe^Oj. 

Page 232, No. 21 tonalose, Sp. gr. col., plajce 16** under 2.740. 

Page 244, No. 115 tonalose, H^O col., for 0.52 read 0.36. 

Page 245, No. 119 tonalose. Norm col., /or di 17 read di 17.6. 

Page 253, No. 1 umptekose, Norm col., for ne 9.9 read ne 9.4. 

Page 253, No. 12 umptekose, Norm col., for ab 52.4 read ah 46.1. 

for ne 5. 7 read ne 9. 1 . 

/mi- I- ij i_ XT ,o 1 J 1 \ q/?erns 4.7 i/i^erf di 7.2. 
(This should be No. 18a laurdalose.) / , , ^ . , , ,- 
^ ' for o\ 4.0 read ol 1.5. 

for il 3.4 read il 3.3. 

Page 253, No. 13 umptekose, Norm col., /or am read an. 
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68 ERRATA IN PROFESSIONAL PAPER NO. 14. 

Page 253, No. 14 umptekoee, Reference col., /or V.R.S. read P. R. S. 

Page 255, No. 1 ciminose. Norm col., /or am recul an. 

Page 255, No. 6 ciminose. Reference col., /or V.G. read J.G. 

Page 257, No. 12 monzonose. Locality col., /or Indian Creek laccolith read Electric Peak. 

Page 261, No. 14 akeroee. Locality col., /or Fair\ew read Fairview. 

Page 279, No. 65 andose, Norm col., for an 22.2 read an 19.5. 

, ». , . />r di 9.0 rmrfdi 11.0. 

(The position of this rock is not ^^^ ^^ ^^^^ ^^^ 

changed by these corrections. ) y^^ ^j . ^ read ol 5.9. 

Page 295, heading, insert 3 after Subrang. 
Page 298, No. 7 essexoee, CaO col., for 1.31 read .131. 
Page 298, No. 12 essexose, MgO col., /or 1.11 read .111. 
Page 304, No. 2 vulturose, CaO col., for .106 read .155. 
Page 305, No. 2 vulturoee, Norm col., /or or 19.5 read or 4.5. 

/or Ic 6.1 reo<ncl7.9. 
(This should be No. 2 II.8.2.4. ) for di 13.9 read di 23.0. 

/or ol 8.2 r^dol 3.7. 
Page 307, No. 2 vesuvose. Norm correct, but should be No. 4 braccianose, p. 305. 
Page 317, No. 8 kentallenoee. Locality col., /or Indian Creek laccolith read Electric Peak. 
Page 317, No. 10 kentallenose. Reference col., /or 1698 read 168. 
Page 329, No. 21 omoee. Locality col., for Koolan read Koolau. 
Page 345, No. 1 III.6.4.2, Remarks col., after and 6 insert limbuigose. 
Page 349, catch title, for SR3 read SR2. 

Page 351, No. 1 III. 7.3.5, Author's name col., /or nepholite read nephelite. 
Page 351, No. 1 III.8.2.3, Norm col., for an 10.2 read am 10.2. 
Page 353, No. 1 covoee, Norm col., /or di 12.6 read di 12.5. 

for am 6.1 read am 17.8. 

dele wo 10.3. 
Page 353, No. 2 covose. Norm col., for di 6.8 read di 15.9. 

for ol 8.4 read ol 5.3. 

for am 11.2 read am 17.0. 

dele wo 11.8. 
Page 353, No. 5 covoee. Norm col., for di 18.0 read di 21.0. 

/or ol 'i.dreadol 1.0. 

for am 2.8 read am 6.5. 

deU wo 5.7. 
Page 353, No. 6 covoee. Norm col., /or di 32.4 read di 35.0. 

for am 1.2 read am 2.4. 

dele wo 2.9 and ol 0.9. 
Page 355, catch title, for salfemane read dofemane. 
Page 361, No. 1 paolose. Norm col., for di 2L8 read di 27.4. 

for ol 7.3 read ol 5.5. 
(This should be I V.2». 1».2. ) for am 10.8 read am 17 8. 

dele wo 11.4. 
Page 412, No. 1 porphyrite. Sum col., insert 100.55. 
Page 418, No. 3 andesite. No. col., /or B4 read D4. 

Page 455, Noe. 80 and 81 basalt, Locality col., for Panahou vvod Punahou. 
Page 489, Ciminite, for 261 read 259. 

Page 490, Granite, inclusion in, insert 145, for 263 read 261. 
Page 490, Granite, s^regation in, insert 145. 
Page 490, Hornblende-basalt, insert 359, for 459 read 455. 
Page 491, Pantellerite, after 219 insert 221. 
Page 494, Greece, after 249 insert 251. 
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FOREST CONDITIONS IN THE ABSAROKA DIVISION OF THE YEL- 
LOWSTONE FOREST RESERVE AND THE UVINGSTON AliD BIG 
TIMBER QUADRANGLES. 



By John B. Leibebo. 



ABSAROKA DIVISION OF YELLOWSTONE RESERVE. 
liOCATION AND EXTENT. 

The tract of land here designated the Absaroka division of the Yellowstone 
Forest Reserve was originally the Absaroka Forest Reserve. By proclamation of 
January 29, 1903, this reserve was merged with the Teton and the Yellowstone forest 
reserves, the whole taking the name of the Yellowstone Forest Reserve. The 
western, northern, and eastern boundaries, as then established and as applicable to 
the Absaroka division, are as follows: 

"Beginning at the point where the range line between ranges nine (9) and ten 
(10) east, principal meridian, Montana, intersects the northern boundary of the 
Yellowstone National Park; thence northerly along said surveyed and unsurveyed 
range line, allowing for the proper offset on the first (1st) standard parallel south, to 
the southwest corner of section eighteen (18), township four (4) south, range ten (10) 
east; thence easterly to the southeast corner of said section; thence northerly to the 
northeast corner of section six (6), said township; thence easterly to the southeast 
corner of section thirty-two (32), township three (3) south, range ten (10) east; thence 
northerly to the northeast corner of section five (5), said township; thence easterly 
along the township line to the northeast corner of township three (3) south, range 
eleven (11) east; thence southerly to the southeast corner of said township; thence 
easterly along the surveyed and unsurveyed township line to the point for the south- 
west corner of township three (3) south, range fourteen (14) east; thence northerly 
along the surveyed and unsurveyed range line to the northwest corner of township 
two (2) south, range fourteen (14) east; thence easterly to the northeast corner of 
said township; thence southerly to the point for the southeast corner of said town- 
ship; thence easterly to the point for the northeast corner of township three (3) south, 
i-ange fifteen (16) east; thence southerly to the point for the southeast comer of said 
township; thence easterly along the surveyed and unsurveyed township line to the 
northwest comer of township four (4) south, range eighteen (18) east; thence south- 
erly along the range line to its intersection with the first (1st) standard parallel south; 
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thence easterly along said parallel to the northeast corner of township six (6) south, 
range eighteen (18) east; thence southerly along the surveyed and unsurve3'ed range 
line to the southwest corner of township seven (7) south, range nineteen (19) east; 
thence easterly to the northwest corner of township eight (8) south, range twenty (20) 
east; thence southerly to the southwest corner of said township; thence easterly to 
the southeast corner of said township; thence southerly along the range line to its 
intersection with the boundary line between the States of Montana and Wyoming/' 

The southern boundary of the area discussed is west from the point where the 
eastern boundary of the reserve intersects the Montana- Wyoming line to the south- 
east corner of township 9 north, range 14 east; thence along the northern boundary 
line of the Yellowstone National Park to the point where said boundary line of the 
park intersects the range line between ranges 9 and 10 east, principal meridian. 
The total area, as above delineated, includes 1,834,400 acres. 

r 
CI/A8SIFICATIOX OF LANDS. 

The lands in the division are classified as follows: 

Clamficaiion of lands in the Absaroka dinsion of the YeUowsUme Forest Reserve, 

Acres. 
Forested 442,640 

Wooded 37,200 

Nontimbered 854, 560 

Total 1,334.400 

The nontimbered lands vary in character and are classified as follows: 

Classification of nontimbered lands in the Absaroka division of the Yellowstone Forest Reserve. 

Acres. 
Badly burned 138,410 

Agricultural 34, 840 

Grazing 388,170 

Bare rocks, high alps, and snow fields 260, 640 

Lakes and tarns 32, 500 

Total , 854,560 

TOPOGRAPHY. 

OROGRAPHIC FEATURES. 

The area discussed consists of a vast body of Archean gneisses and similar rocks 
carrying on its flanks upturned strata of Paleozoic and Mesozoic ages. In some 
localities outflows of lava rest upon the older rocks. In the northeast corner it also 
includes a low, terraced, undisturbed limestone area, which now constitutes a rolling 
foothill region. During Pleistocene times the uplift was covered with a great glacier, 
which, moving in various directions, but chiefly west and north, sculptured and 
fashioned the region much as we now find it. 




TOPOGRAPHY. 11 

The most extensive degradation of the uplift, with consequent roughness and 
irregularities of the contours, is found on the area situated west of Stillwater River. 
This portion of the reserve is scored by deep gorges with intei^vening narrow ridges, 
the crests often only a few feet wide. There are many canyons, narrow and rocky, 
strewn with masses of bowlders and gravel left behind by the glaciers which plowed 
their way to the lowlands through these valleys. In some places the glaciers left 
large blocks of country with broad, rolling, bowlder-strewn, plateau-like surfaces 
standing up massively and majestically between the larger canyons. Of this character 
are the so-called East and West Boulder plateaus, which represent areas of the uplift 
not greatly reduced from the height to which they had been elevated when the ice 
age began. The altitude of the region varies from 4,000 feet in the lowest canyon 
bottoms to 11,000 feet on the summit of the highest peaks, the average elevation 
being probably not far from 8,000 feet. 

East of the canyon of Stillwater River the region has a considerably higher 
mean elevation, probably not less than 9,800 feet, excluding. the foothill region. 
The glacier, in its northward movement to lower levels, cut its way down through 
the uplift for thousands of feet, leaving a series of stupendous cliff-bound gorges, 
producing some of the wildest and grandest scener^^ imaginable. At the head of 
these gorges are numerous peaks and pinnacles, some of them rising tp altitudes of 
13,000 feet, while beyond the line of canyon erosion a high, plateau-like area 
remains, pitted with numerous depressions, intersected by ridges and cones, fur- 
rowed by shallow ravines, and studded with low buttes and occasionally dome-like 
elevations. This elevated tract is named Beartooth Plateau, and is a prominent 
feature in the orography of the southeast quarter of the reserve. 

The plateau varies from 10,000 to 12,000 feet in altitude; much of it is rolling, 
and in a few localities is almost a level tract with a moor-like aspect, but the 
greater portion presents a decidedly rugged surface. Most of the depressions hold 
lakelets or tarns. The plateau has a gradual slope southward to Clark Fork Valley. 
On the west it is bounded by the canyon of the Stillwater, while along the east line 
of the reserve the tract breaks off to the level of the plain with steep, almost 
perpendicular, fronts, in some places over 3,000 feet in height. 

The general character of the canyons has been mentioned above. The canyons 
of the two Rosebuds in their upper areas are mere narrow rifts between nearly 
perpendicular rock walls, 1,500 to 2,000 feet in height, while along Stillwater 
Canyon the cliffs in some places tower over 3,000 feet above the floor of the canyon. 
Here and there the canyon floors are littered with glacial debris, wl^ich occasionally 
has dammed the streams and formed lakes. 

The highest point in the reserve is Granite Peak, which reaches nearly 13,000 
feet (12,900 feet, as obtained by aneroid). There are scores of other elevations 
throughout the reserve varying from 10,000 to 12,000 feet. Notwithstanding these 
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considerable altitudes, far above timber line, there is not a single snow peak in the 
reserve. Permanent snowfields occur in many localities in the high areas, but they 
are simply the result of heavy winds piling up great banks of snow in gullies, 
ravines, and on the lee side of the higher peaks, too deep to melt during the 
short summer season, but yearly waxing and waning according to the severity of the 
winter's downfall of snow. 

DRAINAGE. 

Primarily the area discussed is situated wholly within the Yellowstone River 
drainage. The run-off from its areas is carried into this river by a large number of 
creeks and streams, which head mostly in the alpine and subalpine tracts. Some of 
the streams form the heads of rivers of considerable size, others are mere alpine 
rivulets. The larger and more important of the drainage basins and streams are as 
follows: (1) The Boulder River drainage, composed of (a) the heads and central areas 
of West Boulder River; (5) the head and central areas of Boulder River; (c) the head, 
middle, and most of the lower portions of East Boulder River. (2) The upper 
half, including all the heads, of Stillwater River. (3) The Rosebud drainage, 
composed of (a) the head and central areas of West Rosebud Creek; (5) the head and 
central areas of East Rosebud Creek. (4) The head of Red Lodge Creek Basin. 
(5) The Rocky Fork drainage, composed of (a) all of West Rocky Fork, and (5) the 
head and upper central areas of East Rocky Fork. (6) The northern heads of 
Clark Fork drainage. (7) The head and central areas of Slough Creek drainage. 
(8) The head and central areas of Hell Roaring Creek Basin. (9) The head and 
central areas of Mill Creek. 

With the exception of Clark Fork, more than 99 per cent of the water which 
these streams carry represents run-off originating within the reserve. The tract 
is thus a huge reservoir, furnishing a very large part of the annual flow in 
Yellowstone River, and is therefore of very great importance to the irrigation 
interests dependent on the waters of .that stream. Excepting Slough and Hell 
Roaring creeks, all the streams noted above are more or less utilized for irrigation 
purposes above their confluences with Yellowstone River. 

The volume of water discharged by these streams during the summer season can 
be greatly augmented by the construction of reservoirs in the alpine and subalpine 
areas at their heads. 

ROCK FORMATIONS ANI> SOIIi. 

Three-fourths of the area discussed consists of a great Archean uplift, cut and 
seamed by dikes of various kinds of igneous rocks. The remainder consists of lavas 
of various composition, limestones, and sandstones of Paleozoic age. The limestones 
occur chiefly in the northern areas, flanking the first rises of the mountains along 
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the foothill region. They stretch northward and form most of the foothills, but are 
there commonly deeply buried under gravel and bowlder drift. They also occur 
along Boulder River, as far up as the central areas, and at the head of Stillwater 
River in the Cooke City region. There are also outcropping strata of limestones in 
the southwestern portion of the reserve, in Slough Creek Valley, on Bujflfalo Plateau, 
and farther westward. The lavas occur throughout all the areas west and northwest 
from Cooke City. For the most part they have been ejected from vents or 
craters in the region around Haystack Peak at the head of Boulder River. In part 
they are brecciated lavas and probably ejected through fissures. There is also a 
large field of these lavas in the northern part of the reserve, beginning on the left 
bank of Stillwater River, in the southeast corner of T. 4 N., R. 15 E., whence it 
stretches northward and eastward 10 to 25 miles. 

The soil in the area is of two principal varieties, a siliceous loam derived from 
the disintegration of the prevailing granitic rocks with admixtures of mold and vege- 
table debris, and gumbo soils derived from the decomposition of the modern lavas. 
The former soils are more common and occur throughout the reserve; the latter are 
confined to the areas where they are underlain by rocks from which they were 
derived. 

The siliceous soils are generally poor, except in swales and depressions, where 
large accumulations of vegetable mold have been washed in from the surrounding 
high ground. In most places the surface of the soil is strewn with bowlders. The 
substratum or basement is always composed of sand and gravel with bowlders freely 
interspersed, the whole easily displaced and gullied when the turf or forest on its 
surface is from any cause destroyed or removed. 

The gumbo soils are hard and tough when dry, but when wet dissolve almost 
like soap and are easily gullied and washed. Wherever these soils occur in the non- 
timbered or woodland areas of the foothills and have been denuded by excessive 
pasturing, gullying is taking place. They possess a much greater degree of fertility 
than the siliceous soils, and in the forested areas bear the heaviest stands of timber in 
the reserve. 

MINTNO AREAS AND MTNERAI/S. 

The area discussed contains several mineralized areas and mining camps, in 
some of which more or less activity is displayed in the extraction of ore, while in 
others no mining operations are now being carried on. The principal mining 
districts are as follows: Boulder River, to its head in the region around Ilay stack 
Peak; the divides at the head of Stillwater River; the southern and main 
tributaries of Clark Fork and Soda Butte Creek, a district with Cooke City as its 
center; Horseshoe Mountain, a small tract between upper Slough Creek and 
Stillwater River; the cenixal areas of the Stillwater Valley around Nye and the 
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refrion along and at the head of Crevice Creek. Lesser and little known or 
prosfje^-ted mineralized are&» occur in the canvons of East and West Boulder 
river>. The great ma»?» of the resene, all the granite areas of the Absaroka Range 
west of Boulder River and the vast granite uplift east of Stillwater River are, so 
far a^ known, devoid of mineralized areas. 

The mineral area^s embrace both quartz and plairer mining. Most of the 
placer districti* are confined to the Boulder drainage. Cooke City and Horseshoe 
Mountain districts are chiefly mining in quartz. The Horseshoe Mountain camp 
and Cowles, at the head of the Boulder, were the only camps in which active 
mining operations were in progress at the time this examination was made. In 
the foothills in T. 6 S., R. 18 E., indications of petroleum are believed to have 
been found, and prospecting has been in progress for some years without any 
very definite results. 

AGRICtTLTURAIi liAXIWS. 

The areas actually under cultivation or susceptible of tillage without special 
irrigation works comprise 34,840 acres. Of this amount, 4,000 acres exist in 
small scattered tracts, forming bench lands, swales, reclaimed or drained wet 
meadows, in the various canyon bottoms, chiefly in those of Boulder and West 
and East Boulder rivers, in Stillwater Valley, and in the lower portions of Rocky 
Fork Canyon. The remainder of the agricultural areas lie in the foothill region, 
especially in Tps. 4 and 5 S., Rs. 16 and 17 E., and in T. 6 S., R. 18 E. The amount 
actually under cultivation on areas situated within the mountain region amounts 
to 1,200 acres, approximately, while in the foothill areas, chiefly in the townships 
enumerated, there are possibly a total of 8,000 or 9,000 acres under more or less 
complete tillage. The altitudinal limit of the arable lands lies between 5,000 
and 6,000 feet. The large tracts of subalpine meadow lands lie at altitudes too 
high for the successful raising of crops of any sort. The agricultural lands in 
the foothills actually under tillage usually occupy swales and bottoms along the 
dijflferent creeks. They have a deep and rich soil, while the lands under tillage 
in the various canyons consist of shallow strata of loam spread over a clear gravel, 
pebble, or bowlder Vmsoment, and, therefore, have only a small and passing 
value for farming purposes. Most of the lands require irrigation for the pro- 
duction of crops. 

GRAZING liANDS. 

The nontimbered lands in the reserve available for range or pasture purposes 
comprise 888,170 acres. To these should be added grassed woodlands of 37,200 
acres, making a total of 425,370 acres of grazing lands. These tracts are of different 
values for range purposes, depending on their genei-al character and their situation 
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as regards accessibility and water supply. They may conveniently be divided into 
five classes, as follows: (1) Nontimbered foothills; (2) woodlands; (3) open slopes, 
generally southern, and nontimbered canyon bottoms; (4) wet meadows and fire 
glades in the subalpine forest zone; (5) sunmiits of the high plateau areas and ridges 
above timber line. 

The nontimbered foothills comprise 100,000 acres. The\' lie along the northern 
and northeastern edges of the area, in the northwest corner, forming a narrow and 
interrupted belt, gradualh' widening toward the east until the}' occupy most of Tps. 
4 and 5 S., Rs. 16 and IT'E. and T. 6 S., R. 18 E. The tracts have a mean altitude 
of 5,600 feet. The surface is marked, in part, by long, rolling swells and low ridges 
alternating with shallow canyons, and, in part, is extensively cut up and intersected 
by a multitude of i*avines. The soil is generally thin and stony, most of the areas 
being overlain with deep deposits of glacial bowlder and gravel drift, but, where the 
soil has been derived from disintegration of the brecciated lavas, it is of a gumbo- 
like character. The lands are generally well watered by small springs, runs, and 
streams, although many of the smaller ravines are dry through the latter part of 
summer and fall. 

Originally these tracts bore a moderately close sward of various species of 
grasses. They have long been pastured, and, where uninclosed and only moderately 
well watered, have now a very low grazing value. 

The lands are of little value for forestry purposes, although they are by no 
means incapable of supporting arborescent vegetation. They are situated within 
the altitudinal limits of timber growth, and were they not pastured would, in course 
of time, produce stands of aspen, cottonwood, limber and yellow pines. Their 
present treeless character is primarily due to repeated fires during the Indian 
occupancy of the region. 

The woodlands comprise 37,200 acres. They occupy narrow and irregular 
tracts throughout the foothill areas, generally at altitudes not much above nor below 
6,000 or 6,200 feet, following streams and gullies, or occupying crests and northern 
slopes or combs of ridges, or scattered over the rolling surface of the higher 
foothills. Portions of the areas are rocky in character, with projecting ledges of 
limestone and brecciated lava. Portions of the tracts consist of deep deposits of 
glacial bowlder and gravel drift. Most of the tracts are poorly watered, springs 
being scarce and the different runs and ravines mostly dry during the summer 
season. They are sparsely stocked with limber pine, yellow pine, red fir, aspen, 
and cottonwood, set in small copses, thin lines, or standing as isolated trees. Their 
grazing value lies in the abundant growth which forms most of the ground cover 
where not overpastured. Where the tracts have been too closely grazed they are 
bare or overgrown with coarse weeds. In some localities the creeping juniper, 
Juniperus procumhens^ spreads over the ground in close and dense mats. In 
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geueral the woodlands have not been badly pastured, chiefly owing to lack of 
water, and, being situated at easily accessible points, they are still of considerable 
grazing value. 

Most of the area of this class of lands is capable of bearing forests, probably 
not in uniform and heavily stocked stands, but in moderate volumes, 1,200 to 1,800 
cubic feet per acre for mature growths. Their present thin and scattered stockage 
is entirely due to often repeated fires during the Indian occupancy of the country. 
In places where grazing for various reasons has been kept at a minimum, and where 
no fires have run during the past two or three decades, heavily stocked stands of 
sapling red fir are pushing out into the previously nontimbered or sparsely timbered 
areas, conclusively proving that under proper conditions the tracts will bear forests. 

The pasturing of the woodlands is inimical to rapid extension or closer stockage 
of the timber growth. Any sheeping of the areas will practically destroy whatever 
seedling growth may be springing up on such grazed-over tracts. The pasturing 
of horses and cattle, while destructive in a less degree, is yet likely, if carried to 
excess, to have the same effect on the seedling growth as the sheeping. 

The woodlands do not give rise to any notable quantities of run-off. They are 
of no particular importance in this region as adding to or conserving the water flow, 
and extensions or additions to their present stockage would be chiefly beneficial in 
giving easily accessible wood supplies to agricultural settlements in the adjac»ent 
timberless valleys. 

The third class of grazing lands, consisting of open sloj^es and nontimbered 
canyon bottoms, comprises 25,000 acres. These exist throughout all parts of the 
reserve at altitudes ranging from 6,000 to 8,000 feet. In part they comprise slopes 
generally with a southern exposure, but not infrequently an eastern or western, 
rarely a northern. In part they are made up of meadows and swales fringing the 
creeks and canyon bottoms. The slopes chiefly represent ancient fire glades which, 
before the advent of the white man, were covered with forest. They were burned 
over by the aborigines, and owing to ensuing soil aridity have never restocked. In 
most localities the soil cover on these tracts is thin, the underlying rough talus 
stratum or solid rock comes near the surface, there is a rapid-drainage ratio, and 
little reserve moisture is stored in the shallow subsoil. Hence when denuded of 
forest cover restockage is an extremely slow process and the land remains grass- 
covered for an indefinite time. They commonly bear an abundance of grass, but 
owing to steepness of slope are rarely pastured to any extent. If left undisturbed, 
the forest will eventually cover them again. Of the total area in this class of graz- 
ing lands 15,000 acres consist of open slopes, as described. 

The remainder of the lands in this class, 10,000 acres, is made up of many small 
glades and meadows. Their timboi K^^s character is due to the prevailing swampy 
nature of the ground— the soil-moisture ratio being too high for coniferous growth. 
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In part the glades bear close swards of paludose grasses and sedges; in part they 
are covered with a more or less open tangle of willow brush. The clean grassy or 
sedgy portions are occasionally used as natural hay meadows. The willow-covered 
tracts are pastured by cattle and horses. 

At higher altitudes, 7,500 to 9,500 feet, is found the fourth class of grazing 
lands. The}" consist of wet meadows of very ancient fire glades in the subalpine 
forest and of ground thinly stocked with open stands of that type of forest. In 
the aggregate, 70,000 acres belong to this type of grazing lands. 

The meadow portion consists of swampy, marshy tracts at the heads of streams 
and of narrow, springy margins fringing lakelets and tarns. They occur throughout 
the reserve along all the main divides, but are more abundant and contain a larger 
acreage than elsewhere in the following localities: Summit of Buffalo Plateau in 
T. 9 S., R. 11 E.; at the head of Stillwater River in T. 9 S., Rs. 14 and 15 E.; and 
at the head of Clark Fork in T. 9 S., R. 15 E. These tracts, as well as the rest of 
the class of lands to which they belong, are of great importance in conserving and 
regulating the water conditions of the region. They are, in effect, vast sponges, 
absorbing and holding back surplus flood waters early in the season, and gradually 
releasing the stored-up volumes as summer advances. 

The swampy areas are devoid of arborescent growth except for scattered willows 
here and there. The dry tracts are either bare or thinly stocked with trees. When 
timberless it is owing to past fires and deficient restockage, largely caused by the 
prevailing low seed-producing capacity of the high subalpine forest. Few of the 
tracts are pastured at the present time. Many of them are inaccessible except to 
sheep, which were formerly ranged in a few localities; but the marks of such sheep- 
ing are now nearly obliterated. During the Indian occupancy the areas accessible 
from the National Park were used by the buffalo as summer ranges. They are dotted 
with the wallows and marked by the deep, well-worn trails of these animals. The 
tough, close sward of gi'ass and sedge which covers these tracts will bear a consider- 
able amount of hard usage before becoming overgrazed; but owing to the important 
part they occupy in the conservation and regulation of the outflow from the region 
only a very limited amount of stock should be permitted, while the regulations 
excluding sheep should be continued in full force, as at present. 

The largest area of available pasture lands in the reserve is included in the 5th 
class and comprises the summits of the different plateaus and the true alpine regions 
generally. In the aggregate, the class covers 156,000 acres. Most of the lands are 
situated in that part of the reserve which lies east of Boulder River, and particularly 
in Tps- 6 and 7 S., Rs. 13 and 14 E., Tps. 8 and 9 S., Rs. 18, 19, and 20 E., embracing 
tracts belonging to Lake and Beartooth plateaus. Other large tracts of this class 
of lands occur in Tps. 4 and 5 S., Rs. 11 and 13 E., on the sununits of West and Elast 
Boulder plateaus. Smaller tracts are scattered along the crests of the higher divides. 
9574— No. 29—04 2 
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Am « riik, hindfl of thw cIam are difficult of access from the plains, from the 
f^K/fhill refftrmn, and from the bottom of the canyons which bound or cut into 
th^m. They lie at altituden varying from 9,500 to 12,000 feet, and the grazing^ 
M#!aM^>n on them Im nhort. The various plateau areas which so largely compose 
t^M^m ar^ fittmA Hummitu of the great Archean uplift of the region, smoothed in 
M/mie l<»railitie«i, errirlerl and roughened in others. They are bordered by enormous, 
/"Jiff ftfpiifi^ t'Afiyoun on m<mt of their sides, and when they front directly on 
Ihp plain*!, an in ihf. rumtht»MHt comer of Beartooth Plateau, present extremely 
M4^jf ^Uipf'M, In nftnm plhi'^m the surface is rolling, as on the summits of E^t 
Hf^iM^r and ihf^ norfli^rn arntM of the Beartooth Plateau; at other places it is 
fMh*fi wWh >Kfwl Wkr or f'longatod depressions commonly partly filled with 
wnif'f; nf fA\\^f jKrInU Mii^rif are combs, ridges, and dome-like elevations of solid 
r^ff'k or \itm^t*^\ Mp mninfH^M of Uiwlder drift, resembling the "nunataks" described 
n*i \ffff\9*t*^\u\l n\tf9\t^ Jli#t Nurfa^'e of the arctic continental glaciers. Streams head 
\fi f^f^ v»fVfi»*« ^nru'^ or in tbn Mprings with which the tracts are liberally supplied, 
ffy^S ^mMtffffi irnfKrrMnt fmtd^n* of the rivers and creeks in the reserve. 

Wfff^fh fffd Uttf rl/mitly iA\i:t*\HHi in the {>ast and where sufficient soil overlies 
^M fftf^V Of lr/rwl/l#«^ lia^?rrM*nt the land is covered with a close and ver}- tough 
^^f^tf\ /^ n\\dif^ Nf»/I mH)m\\f\m graiMM's and sedges, and in the height of the sunuuei 
K Uf)\\)i^4fl\\t \fii^9iiiMM\ wtfh fimltitudes of many-hued flowers. Around the springs 
*fff/l ^ifAhlf^ fft ^Hfrnti^f »nd ifi rritvlciiH of rocks grow tangled thickets of frutescent 
wttU/^*(; i^hiUi tiu Ih^f morn l#tv«*l and drier ground the herbaceous arctic willow, 
^)-*>o^ 4/.^^/vj|y i III, Ml Oi#t niOMt, t\ inches above the surface of the soil, spreads 
il^ llf)ft 9hn4* if 0/1 l¥¥\i(n i^Utuu tU(n gniMsy sward. 

Mi Mf^ hiiit'i Hhf\ morn «ta«iily m^cessible of these tracts have been pastured, 
hOhf' 'f:^\f / (/M#:lf itin.v.\9i fhit \U*firUHii\\ Plateau areas in Tps. 8 and 9 S., Rs. 18, 19, 
MO/I ^1 ¥f. ^hU'U )m^v. for Mmny ynarn Ih*imi favorite sheeping grounds for flocks owned 
\U Ih' *'U\h\h **f '**''• htt\y[i'. and in luljar^ent townships across the Wyoming line. 
k***t'i^^hin'' IhimiiUttid Min«n «hn«*ti runn the land has been overgrazed, and coarse 
fii|/»o^ I/ImoIa. Vftii'lUUiiw till' |ia«tiiratfis iuive either wholly or in pait supplanted the 
thiiiit'i |/l^'!> Uiitj or wiMtrit ofliirr H|M*cieH of vegetation have not usurped the 
^(nuihil lUtt ^fiHnn n*iim\ii\lig Uhm iHum «mti?n ho dose that only mere stubs remain. 

HihiaMfd al*ifV«? liniimr linn land* of tliin rluHH are, of course, of no particuhir 
iiiUHiiUtiint in llin forniit iwitiunuUiH of tim reH<»rve. They have, however, a large and 
tni' I'f'Hriilit^ valiKi an ronH<*rvati>rH and retainers of the precipitation on the region 
an^l ijrt nr|^nliitor« of iUt* run-otf. Their lakelets and tarns are effective natural 
p'riervoirM, and an* ho nituaM^d tliat iiy means of low embankments aeix)ss their outlets 
llii'ir nloragi*. i^a|»u'ity ran re4idily \h* increased tenfold or more. Where lakelets 
and larriM an* lacking, <ir whi»re they have been drained b>- the erosion of the natural 
dMiMrt lit llM'ir outli^tj^, niarsln»s and springy ground have taken their place and serve 




LAKES AND TARNS. 19 

the same function in the regimen of the streams at their sources. The grassy turf 
on the uplands and around the margins of the lakelets and tarns, and the tangle of 
willows and heavy sward which spreads over the swampy and marshy tracts have 
the same beneficent influence and action on the water conservation in these alpine 
areas that the forest cover has on the regions at middle elevations. The grass cover 
effectually prevents gullying and excessive evapomtion. If the grass is destroyed 
gullying begins, the loosened material silts the hollows and depressions that hold the 
lakelets, the water level is raised without corresponding elevation of the natural 
embankments at their outlets, and finally the lakelets are levelled and drained. In 
order that the grass cover of these tracts may remain intact and serve the important 
purpose it now does, grazing will have to be closely watched and regulated. Sheep- 
ing, whether in large or small bands, should be entirely prohibited, and the number 
of cattle and horses allowed on the tracts should be restricted to the lowest possible 
number. On the^ lands included in Beartooth Plateau and situated within the 
area discussed, gullying is apparent as yet only in isolated localities and has not 
proceeded to any alarming extent. But on the lands of the plateau across the 
Wyoming line and in the region surrounding Beartooth Lake, the evil eflfects of 
overgrazing, as displayed in the formation of gullies, are abundantly in evidence. 
Great gullies are opening out in the sloj)es of the ridges hemming in this lake on 
the west, the gullying following exactly the lines of excessive sheeping. On this 
particular tract a large band of cattle was pastured during the summer of 1903. 
They were rather closely herded, and to escape flies and other insect pests were 
accustomed to bunch up on comparatively small tracts near the lake. Where this 
bunching occurred, as well as on adjacent areas which were being overgrazed in 
consequence, the turf was quite as completely destroyed as ever it was on bedding 
places of sheep, showing that there are no essential differences in the effects 
following overgrazing, whether accomplished by cattle or sheep. 

I^AEIES AND TARNS. 

Bodies of standing water, other than marshes and swamps, cover 32,500 acres 
of the reserve. Without .exception they owe their existence to past glacial action. 
Some occupy shallow basins and glacial cirques in the alpine areas, dammed and 
held back by ledges of rock, or by walls of morainic debris across their outlets. 
Others are situated in the bottoms of canyons and are formed and held back by the 
remains of terminal moraines stretching across the valley. Most of them are 
shallow and of small area. The largest in the reserve is Mystic Lake in T. 7 S., 
R, 16 E., covering 1,500 acres, situated in the canyon of West Rosebud Creek. 
The lakelets are most numerous in the southern portions of the reserve, in the 
high, extensively glaciated alpine areas east of upper Stillwater River, where they 
are found by the hundreds, occupying shallow depressions in the great granite uplift 
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of the region. Rarely they lie singly; usually they are in groups of 4 to 7 or 
more, connected by little rivulets. Sometimes they are fringed by narrow 
belts of timber or lines of brush, but more frequently their surroundings are 
bare rocks, or steeply sloping tracts of alpine meadow down to the water^s edge. 
They are gradually disappearing, in part by silting from adjacent slopes, and in 
part by deepening of their outlets and consequent drainage. A large number 
have disappeared in this way and now form tracts of merely marshy ground. 

The lakes of the reserve are of great importance, in view of future plans for 
water storage. Scores of the small ones could be turned into large lakes by moderate 
and not costly embankments across their outlets. All the streams heading in them 
are feeders to rivers whose waters are utilized for irrigation in the agricultural 
districts in the lowlands, and there can scarcely be any doubt that in course of 
time these natural reservoirs will be enlarged and utilized to the utmost. 

FOREST coin)mox8. 

COMPOSITION AND RANGE. 

The forest in the reserve is almost wholly coniferous, and is made up of the 
following species: 

Limber pine Pinus flexilis 

Lodgepole pine Pinus murrayana 

Yellow pine Pinus ponderoea 

White pine Pinus monticola 

White-bark pine . . Pinus albicanlis 

Red fir Psemioetuga taxifolia 

Rubalpine fir Vbies lasiocarpa 

Engelmann spruce Picea engelmanni 

The deciduous trees are represented by aspen, cottonwoods, various species of 
arlx)rescent willows, hawthorn, wild cherry, and service berry. The species of trees 
with diameters exceeding 3 inches at the base occur in the following proportions: 

Composiiion of forest in Absaroka divimon of Yellowstone J^eserre^ including trees of all species wUh basal 

diameters of S inches and upward. 

Per cent. 

Limber pine 2. 3 

Lodgepole pine 45. 6 

Yellow pine 005 

White pine 0002 

White-bark pine 5. 3 

Red fir 12.2 

iSubalpine fir 11.1 

P^ngelmann spruce 21. 8 

Aspen and cottonwood 1.6 

Otlier species of broad-leafed trees, leesthan 05 



^^ 
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The general arrangement and distribution of these species is simple. At 
elevations of 5,500 to 6,000 feet limber pine, small proportions of yellow pine, and 
scattered copses of red lir form thin fringes of forest, or, on northern slopes, fairly 
well-stocked stands. From 6,000 to 8,000 feet lodgepole pine forms the great mass 
of the forest. It occurs either in practically pure growths, generall}^ closely stocked, 
or mixed with red fir and Engelmann spruce; the red fir is particularly abundant 
on dry, rocky slopes; the Engelmann spruce is most common along the canyon 
bottoms, in places with considerable seepage or where the lodgepole pine has 
attained an age of 150 years and upwards. Above the 7,800-foot level the lodgepole 
pine thins out and is replaced by white-bark pine, subalpine fir, and Engelmann 
spruce, which together constitute the subalpine forest zone. The broad-leafed 
trees — aspen, cottonwood, and arborescent willows — are mostly confined to the 
canyon bottoms, and are seldom found above the 7,500-foot level. 

The timber line is at an elevation of about from 9,300 feet on northern and 
western slopes to 9,800 feet on southern exposures. It rises, however, as the eastern 
edge of the reserve is approached, until in some places along the eastern verge of 
Beartooth Plateau it reaches 11,000 feet. Near the timber line Engelmann spruce 
is found in greater abundance and vigor than any other species. Next comes the 
white-bark pine, while the subalpine fir generally occurs at lower altitudes. Both 
the spruce and white-bark pine dwindle rapidly in stature as elevation is attained, 
until at their uppermost limits they are mere depressed shrubs. 

Within their altitudinal limits the species, except the white pine, are found in 
the timbered area in all parts of the reserve. Their relative abundance, however, 
varies greatly. The limber and yellow pines are most common in the foothills in 
the northern townships; the yellow pine, however, forms in all cases a very small 
ratio of the timber in any locality and is practically lacking in all of the interior 
areas. The white pine occurs chiefly in the bottoms of Davis Creek, an afSuent of 
West Boulder River, and in the Slough Creek bottoms in T. 10 S., R. 12 E. It is a 
very rare species in either locality, only scattered trees occurring, set in mixed stands 
of lodgepole pine, red fir, and Engelmann spruce. The white-bark pine is found 
throughout the subalpine zone. Usually it forms only a small proportion of the 
forest, but occasionally, as in the eastern portion of Hell Roaring Creek Basin, it 
becomes so abundant as to constitute 75 to 85 per cent of the stands. 

The lodgepole pine is very plentiful; it forms fully 75 per cent of the forests 
below the subalpine zone, and, excluding the lower areas bearing red fir and limber 
pine, will amount to 90 per cent. It frequently forms nearly or quite pure 
growths, especially while in the sapling stage, and in mature stands where the 
forest is beginning to assume its normal composition seldom falls below 35 to 50 per 
cent. Its relative abundance and preponderance are wholly the result of past fires. 

The red fir extends throughout the lower areas of the reserve. It occurs in 
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small stands of pure growth while in the sapling stage, and in more or less mixed 
stands as mature age is reached. Lodgepole pine is its most common associate in 
the mixed stands, with lesser proportions of Engelmann spruce, the red fir in such 
situations forming from 15 to 30 per cent of the stand. 

The subalpine fir occurs most abundant!}' in the lower areas of the subalpine 
forest. It is always set in mixed stands where it seldom or never exceeds 15 to 28 
per cent. 

The Engelmtinn spruce is found abundantly throughout the reserve. While the 
species here properl}' belongs to the subalpine- forest type, it occurs lower than 6,000 
feet, following the streams in their downward course almost into the plains. In the 
subalpine forest the spruce conmionly occurs in mixed stands and forms from 15 to 
45 per cent, occasionally rising to 75 per cent, of the growth, as in the lowest areas 
of the subalpine forest in the eastern tracts of Hell Roaring Creek Basin. WTiere 
the j)ercentage of the species runs high it js always set in old-growth stands. 

The composition of the forest is neither normal nor ultimate, but represents a 
transitional phase due to the numerous fires which have devastated the region 
for centurie*?, particularly during the last 200 yeai-s. The lodgepole pine is most 
numerous because here it is a more abundant seed producer, and is better able 
to adapt itself to the changes in soil and moisture ratio, and probably in chemical 
composition of the soil caused by the fires. Burned stands, composed in part of red 
fir and in part of Engelmann spruce, have been replaced by lodgepole pine in areas 
where it originally formed only a comparatively small percentage. As the lodgepole 
pine reaches maturity and the stands become more open through natural thinning it 
will, in course of time, be largely displaced by red fir and spruce. 

In the subalpine zone the composition of the forest is more nearly normal than 
in the areas in which lodgepole pine prevails. The fires have here reduced the 
percentage of Engelmann spruce, but have not favored the increase of other species, 
as the burned areas are either grassy or unforested, and the spruce is slowly spread- 
ing and eventually, when fully established, will greatly exceed its present percentage 
in the subalpine forest. 

AGE AND SIZE OF TREES. 

The greatest diversity prevails in the ages of the trees. Stands 15 to 20 years 
old are associated with growths 75 to 100 years of age and with veteran stands 200 
to 300 years old. This condition has been brought about by fire; the different ages 
marking burns of different periods. Of the entire forest below the subalpine 
zone 10 per cent is less than 50 years old, 50 per cent more than 50 and less than 
120 years, while the remaining 40 per cent comprises veteran stands from 120 to 
300 years of age. . 
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Except in perpetually moist and rich soil the growth of the trees is slow. Limber 
pine requires one hundred and twenty to one hundred and fifty 3'ears to reach heights 
of 30 to 40 feet, with breast-high diameters of 16 to 18 inches and i^lear trunks 12 to 
15 feet in length. Lodgepole pine in close-set stands averages 70 to 90 f e^t in length, 
with breast-high diameters varying from 8 to 12 inches after one hundred to one 
hundred and fifty years of growth. White-bark pine and other trees of the subalpine 
forest at high eleyations are slow growing. To reach a breast-high diameter of from 
10 to 1() inches, and a length of bole from 25 to 45 feet requires one hundred and 
eighty to two hundred and fifty years. In similar situations Engclmann spruce 
requires from one hundred to one hundred and twenty years to attain equal dimen- 
sions. In moist situations at low or middle elevations Engehnann spruce will reach 
heights of 50 to 60 feet, with breast-high diameters varying from 16 to 24 inches in 
one hundred and twenty to one hundred and forty years. The red fir is likewise a 
slow growing tree, owing to its habitat on dr}^ and rocky soils. It requires from one 
hundred and twenty to one hundred and fifty years to attain breast-high diameters of 
12 to 18 inches, with lengths of bole varying from 60 to 80 feet. With the exception 
of the lodgepole pine very little timber in the reserve develops any considemble 
length of clear trunk. Limby and knobby boles with rapid taper and large crowns 
are the common characteristics. The lodgepole pine, set in close-stocked stands from 
the first, generally develops long, symmetrical, columnar trunks, although it rarely 
has a large diameter. 

CHARACTER AND VOLUME OP MERCHANTABLE TIMBER. 

The timber in the reserve, valuable for commercial purposes, may be divided 
into two classes: (1) Timber of sufficient dimensions and quality to furnish saw 
logs, and (2) timber fit only for fuel, fencing, pole, railroad ties, and mine props. 
The mill timber is present in much the smaller proportion, owing to the prepon- 
derance of the lodgepole pine, with its slender, pole-like growth, and the generally 
low, stocky stature of the other species of trees. 

More mill timber is obtained from the lodgepole pine than from any other 
species, owing to its accessibility and abundance, and to its uniform distribution in 
areas having the most favorable climatic and soil conditions. 

Next in volume comes Engelmann spruce. Although the total volume of the 
species is less than one-half that of the lodgepole pine the volume of mill timber is 
nearly 87 per cent of that of the pine, owing to the fact that the spruce of mill-timber 
dimensions is chiefly an old growth and its yield of saw logs is much greater propor- 
tionally than that of the lodgepole pine. Inversely its yield of fuel and pole timber 
is much less, amounting to only 33 per cent of that of the pine. The spruce is but little 
used either for mill timber, fuel, or fencing material because the heaviest and best 
stands of the species occur in localities remote from transportation or demand. 
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The red fir ranks next in volume. Its mill-timber yield is only 40 per cent of 
that of the spruce, while its total volume is 55 per cent. Its volume of fuel and 
pole timber is still more disproportionate, being only 14 per cent of that of lodge- 
pole pine, while its total volume is almost 40 per cent. These variations are due to 
the fact that only a small quantity of the red fir is found in veteran or middle-aged 
stands, most of it being very young and unfit for commercial purposes. The red 
fir is little utilized. Most of it is difficult of access, growing on rocky, steep slopes 
or remote from transportation, and owing to the stringy and tough character of 
its timber is not very well liked. 

The whitebark pine grows to mill-timber dimensions only in Slough Creek and 
Hell Roaring Creek bottoms. It has not, so far as is known, been utilized in the 
region for any purpose, but is included in the estimates because in the localities 
mentioned it grows to the size required for saw logs. 

The white pine forms only an inconsiderable portion of the mill timber. In the 
Davis Creek region it is easy of access, and would probably have been cut out long 
ago had the loggers in the West Boulder Valley been able to distinguish the tree from 
the limber pine, which also occurs nearby and which, in close-set stands, much 
resembles the white pine. 

The yellow pine is of still less volume than the white pine. Owing to its occur- 
rence in the foothills only, it has been logged wherever found, and most of it has 
been cut out. The climatic conditions and its general altitude are inimical to the 
growth and extensions of the yellow-pine stands. 

The yield of the mill timber varies from less than 1,000 feet B. M. per acre in 
the higher areas and in the tracts adjacent to the foothills to 10,000 feet B. M. on the 
tracts embraced in the bottoms of Davis Creek and middle West Boulder River, the 
Slough Creek bottoms, and portions of Buffalo Creek Valley. The highest yield 
observed anywhere was in the lower subalpine areas on the east side of Hell Roar- 
ing Creek Basin, where small tracts with veteran stands of nearly pure growth Engel- 
mann spruce carry from 20,000 to 25,000 feet per acre. The diametral dimensions 
of the mill timber are small unless the logs are cut from Engelmann spruce, 
which will yield logs from 14 inches to 2 feet in diameter when squared. Logs 
from other species are much smaller, the average for the reserve being scarcely 
above lOJ inches squared, and running from 10 to 15 logs per 1,000 feet B. M. 

The yield of pole and fuel timber is comparatively large, owing to the close-set 
character of the lodgepole-pine stands, which furnish more than 50 per cent of the 
total volume. The yield of the subalpine forest zone is also considerable, when the 
generally open character of much of the growth on these areas is considered. This 
is owing to the preponderance of old growth in this type of forest, which often gives 
a larger volume of wood on an equal area than do the closer set but less advanced 
stands at lower elevations. The quantity per acre of pole and fuel timber varies 
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from 500 to 900 cubic feet for the thinnest and most scattered sulmlpine stands to 
3,000 and 4,000 cubic feet for the closely stocked, middle-aged lodgepole-pine forest. 
In some of the ver}^ heavily stocked areas in Slough Creek and Hell Roaring Creek 
basins the amount rises to 10,000 cubic feet per acre. With the exception of Slough 
Creek and Hell Roaring Creek basins little of the area carries fully stocked stands. 
Notwithstanding rocky and comparatively barren soil, the region will be capable of 
sustaining at least twice the volume of timber it now does, if fires are totally 
suppressed, grazing and cutting restricted, and sheeping absolutely- prohibited. 

The total volume of mill timber in the Absaroka division, estimated on the 
minimmn basis of 8 inches in diameter, breast high, and 10 feet of available bole, 
with the proportions furnished by each species, is as follows: 

Volume of mill timber in Absaroka division of Yellowstone Forest Reserve. 

Feet B. M. 
Limber pine 1,000,000 

Lodgepole pine 434,000,000 

Yellow pine . ; 980,000 

White pine 3,550,000 

White-bark pine 8,000,000 

Red fir 147,950,000 

Subalpinefir 1,000,000 

EnKelmann spruce 376,200,000 

Total r 972,680,000 

This gives an average stand slightly in excess of 2,190 feet B. M., per for- 
ested acre. 

The volume of pole and fuel timber in the Absaroka division of the reserve, 
including the woodlands, is as follows, basing the estimates on diameters not less 
than 4 inches, breast high: 

Volume of pole and fuel timber in the Absaroka division of the Yellowstone Forest Reserve, 

Cubic feet. 
Limber pine : 11,235,000 

Lodgepole pine 511,900,000 

Yellow pine 1,440,000 

White pine 300,000 

W^hite-bark pine 82,230,000 

Redtir 76,200,000 

Subalpinefir 112,050,000 

Lngelmann spruce 155, 100, 000 

Aspen and cottonwood 2, 100, 000 

Total 952,555,000 

The average volume of pole and fuel timber is nearly 2,000 cubic feet per acre. 
Counting 180 cubic feet of timber equal to 1,000 feet B. M., the average stand is 
raised to 2,390 cubic feet per timbered acre. 
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CUTTING. 

The logged and culled areas comprise 41,660 acres, of which 22,000 acres are 
forested tracts and 19,650 acres are woodland. Probably all or a greater portion 
of the woodlands, 37,200 acres, have been more or less culled during the last thirty 
or thirty -five years, but many of the traces of the early cutting are now obliterated. 
Except in the areas adjacent to upper Boulder Biver the cutting is confined to the 
north, east, and south edges of the area discussed. Most of the cutting has been for 
the purpose of obtaining mine props, fuel, and fencing material. A smaller quantity 
has been used for railroad ties and burned for charcoal. 

In the valleys of Boulder and West Boulder rivers, 50 to 90 per cent of the 
sizable red fir, spruce, and lodgepole pine was cut in 1882 or 1883, or possibly in 
1881. The cutting extended south from the north line of the reserve up the West 
Boulder 2 or 3 miles and up the Boulder 10 or 12 miles, while comparatively little 
timber appears to have been taken out of the valley of the Eiast Boulder. Cutting also 
took place on Boulder River near its head and is still actively carried on. In addition 
to this, a small sawmill is now established a few miles below the former camp of Inde- 
pendence. A small sawmill is established in the vaUey of the East Boulder, about 3 
miles south of the north line of the reserve, and another in the middle Stillwater 
drainage in T. 5 N. , R. 15 E. These mills are small and as yet have made little inroads 
on the forests in their respective localities. From the East Boulder, skirting the foot 
of the range around to the Rocky Fork drainage the forest has been cut and culled 
from 10 per cent to total. The cutting has been confined to a narrow strip and is not 
in a continuous belt. A large portion of the timber taken here within the past six or 
seven years had been fire killed. In the Rocky Fork Creek drainage the cutting area 
extends 3 to 4 miles up the two forks of the stream. A great deal of timber has 
been taken for mine props in the coal mines at Red Lodge, for fencing and fuel for 
the ranchers, and for cordwood for the lime burners in T. 8 S., Rs., 19 and 20 E. 
Here much of the timber cut had been fire killed. 

Around Cooke City in T. 9 S., Rs. 14 and 15 E, 7,000 acres have been logged or 
culled, the cut varying from 10 per cent to total. The cutting was for the purpose 
of supplying mining timber to the various properties around Cooke City, fuel to 
stamp mills which formerly milled the ores of that region, and charcoal to one or 
two small smelters which have long since ceased operations. Very little cutting is 
gouig on there at present, merely enough to supply fuel to Cooke City and timber 
to the few miners doing assessment work. In the southwest corner of the area 
discussed, in the Crevice district, there has been some cutting for mining timbers and 
fuel, but the cut has been small. Various other tracts in the reserve have been cut 
over and culled, but the total amount removed has been insignificant. The large 
body of the forest at middle elevations and nearly all of the subalpine stands have 
not been touched by the ax. 
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No attempt has been made to leave the cut-over area in clean condition. There 
has been no piling of tops, except on the areas cut over since the i*anger patrol of 
the General Land Office was established. However, much of the cut-over area, 
in the Boulder drainage especially, has been burned over and the tops and limbs 
thus removed. In general the cutting itself has caused no particular damage to the 
forest floor nor to the young growth. Most of the cut timber consisted of lodgepole 
pine, and owing to its abundant and rapid reproduction the logged tracts, where not 
run over by fire, are promptly restocking. There is one exception to the rule noted, 
namely, at Cowles mining camp near Haystack Peak. This camp is only 700 or 800 
feet below timber line. The supply of timber in the immediate vicinity is limited, 
while the consumption, although not rapid, is constant. Here the steep hillsides 
are being totally denuded by the choppers and, with the limited and slow restockage 
of the subalpine forest, a long time must elapse before new stands replace those now 
being cut. 

Most of the timber is exceedingly difficult of access and can only be taken out 
of the reserve with much labor and expense. Except for local use, or unless means 
of transportation through the National Park are provided, so as to reach the heavy 
stands in Slough Creek and adjacent basins, the bulk of the forest will remain uncut 
for a century or more. Boulder and Stillwater rivers and Rocky Fork Creek are 
drivable during high water, but these streams are sunk in deep, rocky canyons, and 
the amount of timber accessible by way of them is small. 

BURNS. 

The areas burned over during the last thirty-five or forty years aggregate 
138,410 acres. The tracts are of varying extent and occur in all portions of the 
area, but more particularly in the northwest quarter, in the Boulder, Rosebud, and 
Rocky Fork drainage basins. They are of smaller extent in the southern third of 
the area, although by no means wholly lacking. 

As far back as its history can be traced the forest has been more or less devas- 
tated by fires, its age and composition proving that these were very common and 
of wide extent during the Indian occupancy of the region. The large preponder- 
ance of lodgepole pine, is wholly the result of these fires, the great complexity and 
variation in the age of the stands indicating successive ones during centuries. Not 
less than 70 per cent of the forest land has been burned over within the last one 
hundred and twenty years, showing that since the coming of the white man there 
have been more fires than when the Indian held possession. In the last twent}'- 
two years 24 per cent of the forest area has been burned, while during t|ie one 
hundred and thirt}- years preceding about 46 per cent was swept by fire. 

The forest fires in this region are remarkable for their destructive force and 
intensity. Here and there are uneven aged, stands, where extremes in age and a 
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mixed composition prove that occasionally the fires did not consume or kill the entire 
stand. But as a rule most of the older tires made a clean sweep, and in nearly every 
instance the fires of modem date have done the same. 

The destructiveness of the fires is due to the great quantities of litter which 
accumulate during the process of natui*al thinning, and also, to a lesser extent, to the 
character of the ground cover. Duff, or humus, is nearly lacking, except on a few of 
the northern slopes, and plays no particular part in the spi'ead and intensity of the 
fires. The general ground cover consists of moss, usually a thin layer 2 or 3 inches 
in depth, a slight sprinkling of pine needles, low shrubs, mostly species of huckle- 
berry, and more or less of a grassy turf or sward. During the dry season all this 
material burns readil}^ but does not make a hot or high flaming fire. It is different 
with the litter. The great mass of dry or partlj*^ dry wood of which it is composed 
makes hot and flaming fires, consuming or killing all live timber. The litter is 
derived in part from unconsumed debris left behind after previous fires, and in part 
from trees killed by excessive stockage and consequent overcrowding. The dense 
stockage is a sequel to fires and one of the phases of reforestation. When a 
tract of forest situated below the upper subalpine areas between the 8,000 and 6,500 
foot levels is destroyed by fire lodgepole pine almost always follows as the primary 
restockage in at least 98 per cent of the cases. It is always set exceedingly close, 
having 10 to 20 seedlings to a square foot of ground in favorable situations. The 
close-set trees develop long, slender shafts, and as the stand becomes older the natural 
process of thinning begins. The final result is that when the stand reaches 80 to 
100 years in age it is filled with long, slender dead trees, and is a veritable tinder 
box. Most of the stands of the ages mentioned are choked with such accumula- 
tions of dead and fallen timber. Further additions to the inflammable material are 
furnished by the wreckage of the former forest, as often in a forest through which 
fire has run there is left standing a mass of seasoning timber, although every tree 
may be killed. Gradually the fire-killed trees are thrown down by the wind, 
forming great tangled masses of kindling wood for future fires to feed on. All 
of the destructive fires of recent years appear to have originated, or at least to 
have gained headway, in the debris that litters the close-set lodgepole-pine stands, 
and as these constitute the great mass and hence the most valuable portions of the 
forest, they need to be particularly guarded. 

RESTOCKAGE. 

In the subalpine areas young growth is almost everywhere scanty, whether 
as restockage after fires or as the ordinary renewals in the growing forest. The 
grassy openings made by fires during the Indian occupancy are very slowly giving 
way to a young growth of spruce tind white-bark pine. A potent cause for the 
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continue to occupy the ground until, in the process of natural pruning and 
thinning, the more valuable and less tolerant red fir and spruce succeed in 
reestablishing themselves. 

Openings made by fire are always more favorable to a larger per cent of lodge- 
pole pine in the restockage than is the case where cutting has thinned or destroyed 
the stands. The cause for this is principally the destruction of the cover in the 
former case and its conservation in the latter, affording a proper germinating layer 
or seed bed for the seeds of the red fir and spruce, which in this region apparently 
need some such cover. Where fire destroys a restockage growing on a tract burned 
over fifteen or twenty years previously, some changes occur in the soil extremely 
inimical to any subsequent reforestation. Tracts of this sort are likely to become 
brush covered, and a decade or two may pass before forest growth again appears on 
them. Burns of this soil occur in the northwest and northeast quarters of the 
area. The common brush growth in such cases is composed of Ceanotkus vduti- 
nu8 and Shepherdia canadensis. 

Reproduction in the woodland areas is slow and sparse as a rule. The heavy 
grass cover more or less prevents germination of seeds of the coniferous trees com- 
posing the stands, and none of these species is at all prolific in seed production in this 
region. Exceptions to the general scarcity of seedling and sapling growth in the 
woodlands occur in T. 7 S., R. 18 E. Here tracts, formerly grass covered and 
aggregating 9,000 or 10,000 acres, have within the last thirty or thirty -five years 
been transformed from woodland to forest, with close-set stands of lodgepole pine 
and aspen, which have spread out from the forested mountain region in the township 
adjoining on the south. 

TOWNSHIP DESCRIPTIONS, 

IN THE ABSAROKA DIVISION. 

Township 2 South, Range 14 East. 

Topography. — ^The central and eastern portions of this township comprise masses 
of very steep and broken ridges, with an altitudinal range between the 5,000-foot 
and the 6,000-foot contours. In the extreme northern and in the western areas 
the ridges sink" into a rolling foothill country intersected by numerous shallow 
ravines. The township forms the extreme northern end of the Yellowstone Forest 
Reserve, and its system of ridges and spurs represent the northern termination 
of the great mountain masses which constitute the eastern portion of the Boulder 
drainage in the central areas of the Absaroka division. 

Mining. — None. 

Soil. — Here and there in the valleys the soil is a gravelly loam. In some places 
it consists of clay and gumbo. 
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Agricultural adaptability. — Along the west line of the township in the Deer 
Creek drainage there are small tracts of tillable land. In general the region is much 
too rough and rolling to be cultivable, and lacks water for irrigation. 

Grazing capacity. — The western and northeastern areas, composed chiefly of 
thinly stocked woodlands or of tracts devoid of trees, are suitable for stock ranges. 
Portions have long been used as sheep runs and have been more or less badly 
overgrazed 

Drainage conditions. — The outflow originating in the township is of small 
volume, and is carried by upper Deer Creek. Most of the runs and ravines are dry 
during summer and fall. 

Towns and settlements. — None. 

Forest conditions. — The forest is composed of red fir, limber pine, and lodgepole 
pine, red fir being the prevailing species. On the northern slopes the stands are 
set close; elsewhere they are thin and scattering. Fifty per cent of the forest con- 
sists of young sapling stands — reforestations after fires that burned thirty to fifty 
years ago. The timber is diflScult of access. 

Woodlands. — The woodlands comprising the foothill region or tracts below the 
5,500-foot contour carry a thin and scattering growth of limber pine, yellow pine, 
red fir, aspen, and cottonwood. The growth possesses only a fuel value. 

Catting. — Small quantities have been culled for farm use in various places along 
the north and west lines. 

Burns. — Six or eight years ago extensive fires in the central portion of the 
township laid waste large blocks of red fir and lodgepole pine, and destroyed most 
of the standing timber on the tracts burned over. 

Reproduction. — Reforestation is scanty on the more recent burns. The tend- 
ency is toward brush growth instead of timber. Red fir is the prevailing species 
in the restockage. On tracts burned over thirty or forty years ago close-set 
stands of red fir are coming in abundantly. 

Undergrov^th. — Light. 

Litter. — On the bunied-over tracts litter of dead and fallen and partly 
consumed timber is abundant; elsewhere there is little of this material. 

Humus. — None. 

Clamfication of lands in T. S S.y R. U E. 

Acres. 

Fore8te<l 9,540 

Wooded 5,700 

Nontimbered 7,800 

Badly burned 3,800 * 

Logged None. 

Agricultural 1,000 

Grazing (including woodlands) 8, 700 

Bare rocks 1,000 
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Total stand of timber in T. 2 S., R. 14 E. 



Species. 



1 



Mill timber. 



Feet B.M. 



Limber pine 

Lodgepole pine 

Yellow pine 

Red fir 

Engelmann spruce . 

Total 



800,000 
9,000,000 
, 550,000 



I 



10, 350, 000 



Pole and fuel 
timber. 


Total volume of 
all timber. 


Cubic/ert. 


Cubic/cef. 


3,000,000 


3,000,000 


3,000,000 


3,000,000 


500,000 


644,000 


5,000,000 


6,620,000 


400,000 


499,000 



I 



11,900,000 



13,763,000 



Composition of forest in T. S .S., R. 14 E., including trees of all species mlh basal diameters of S inches and 

upuard. 

Per cent. 
Limber pine 15 

Lodgepole pine 25 

Yellow pine 3 

Red fir 56.7 

Engelmann spruce 3 

Township 3 South, Range 10 East. 

Topography. — The portion of this township within the limits of the reserve has 
an area of 15,360 acres, consisting mostly of extremely steep, rough, and rocky 
crests, peaks, and slopes with deep and narrow intervening canyons. On the north 
and west the township is bordered b}'^ the levels of the Yellowstone Valley, f i-om 
which, beyond an intermediate narrow strip of broken foothill region, the moun- 
tainous areas rise with steep, bold fronts to elevations of 10,000 feet. The summits 
of the ridges generally are narrow, and together with the upper slopes and their 
nmnerous precipitous rock escarpments, show everywhere deeply fissured, rapidly 
crumbling strata. 

Mining. — None. 

Grazing capacity. — The grazing areas of the township at the lower elevations 
cx)nsist of small parks and openings, scattered glades at the heads of the canyons, 
bare grass or sedge-covered ridges at or above timber line, and tracts temporarily 
deforested by recent fires; in all, 800 acres. 

Agricultural adaptability. — No portion of the township is suitable for agricul- 
tural operations. The valleys are too narrow and stony, the slopes too high and 
steep, and, in general, the elevation too high. 

Soil. — Generally thin, stony, and bowlder-strewn throughout. 

Drainage and watershedding capaxiity, — The higher areas of the township shed 
large quantities of water, many of the high northern slopes carrying snow throughout 
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thjB summer. Much of the precipitation, however, i.s lost in the talus and debris 
which litters the valley bottoms and the slopes. The chief drainage chaimels are 
Deep, Suce, and Mission creeks, the waters of which are more or less utilized for irri- 
gation purposes. 

Tmrnn and HMl-ementH, — None. 

Forest conditiorvi, — The forest generally is thinly stocked, with the exceptions 
of lodge pole-pine stands at middle elevations and small tracts of mixed growth along 
northern slopes bordering Mission Creek in its upper and western portions. Fifty 
per cent of the forest is composed of 3'oung grow^th 30 to 50 years old — reforestations 
after fires which burned that long since. All the slopes directly fronting on the 
Yellowstone Valley up to 7,000 feet bear stands composed of red fir to the extent of 
95 per cent, mostly of the common, slender, eastern Montana type. The forest in 
the upper iK)rtions of the canyons and on the higher slopes is composed of stands of 
lodgepole pine, often 95 per cent pure, alternating with mixed stands of subalpine 
fir and Engelmann spruce, all of small size, even when of mature growth. The 
forest along the high crests and near timber line consists of more or less scattered 
trees of subalpine fir, white-bark pine, and Engelmann spruce, stocky and stunted 
in growth. As a whole the forest in the township is too small for mill timber, and 
is valuable chiefly for fuel, and most of all for the stability it imparts to the steep, 
loose, crumbling, and sliding mountain slopes that make up the larger portion of 
the township. All of the timbered areas are diflScult of access. 

Cutting. — Small quantities have been cut here and there on upper Suce and 
along the middle areas of Mission Creek. 

Bu7*n8. — Burns have been frequent and extensive, both in past and in present 
times. All the young growth 30 to 50 years old, both of lodgepole pine and of red 
fir, as well as the old and mature, pure-stand, lodgepole-pine growths, mark clean- 
burning fires of various ages. The burns of recent times, swept clean of forest and 
not yet restocking, aggregate 3,800 acres. 

Reproduction. — Reproduction is slow and deficient on all the recently burned- 
over ground and also throughout the thin and scattered subalpine forest. On areas 
burned over forty to sixty years ago young growth is abundant and is composed of 
red fir and lodgepole pine, set close and fully stocking the ground. In the mature, 
or parti}" mature, forest young growth is present in moderate quantities, sufiScient 
to maintain the present density of stands. 

Undergrowth, — On the burned-over slopes, which are not yet reforesting, brush 
growths composed chijefly of Ceanothus velutimis are abundant. In the close set 
sapling stands of red fir and lodgepole pine undergrowth is practically lacking. 
Throughout the older forest there is a moderate amount of scattered undergrowth 
composed of juniper scrub, aldei*s, willows, and mountain ash. 

9574— No. 29—04 3 
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Litttr, — Abundant except in the subalpine areas. It consists of dea<l and down 
timber, in part the unconsunied debris remaining after fires and in part trees killed 
by crowding in the close-set lodgepole pine stands. 

Humus. — None, or at the most a thin topping of moss and pine needles in the 
older forest. 

Snoir and rock slides. — Frequent throughout all of the higher areas of the 
township, as shown by the accumulations of debris in the bottom of the canyons. 



Forested . 



ClassificcUhn of lands in T. S *S'., R, 10 E 

Acres. 

6,560 

Nonforested 8,800 

Ba^lly burned 3,800 

Logged (culled) 250 

Agricultural None. 

Grazing 1, 000 

Bare rocks 4,000 

Total stand of timber in T. S S., R. 10 E. 



Species. 



Mill timber. 



Feet B. M. 

Ixxigepole pine 1,600,000 

White-bark pine 

Red fir 

Subalpine fir 

Engelmann spruce 2, 600, 000 



1,200,000 



Pole and fuel 
timber. 



Cvbicjcct. 

4,500,000 
800,000 

2,000,000 
800,000 
550,000 



Total volume of 
all timber. 



Cubicfeet. 
4,788,000 

800,000 
2, 216, 000 

800,000 
1,018.000 



Total I 5,400,000 : 8,650,000 

I 



9,622,000 



Composition afforest in T. S S.f JR. 10 E,, including trees of all species v:ith basal diameters of S inches and 

upward. 

Per cent. 
Loilgepole pine 60 

White-bark pine 2 

Rtni fir 28 

Subalpine fir 5 

Engelmann spruce 5 

Township 3 South, Range 11 East. 
TojH)graphy,— AW of the township with the exception of the northeast quarter 
and a portion of the southeast quarter consists of a rough, deeply sculptured mass 
of mountains, which in the most elevated portions attains altitudes of nearly 10,000 
feet. The ridges and spurs are narrow, roc*ky, steep, and precipitous, crowned 
with sermted and pinnacled crests. The canyons, generally contracted and cliff- 
bound, are littered with great accumulations of bowlders. The northeast quarter 
of the township comprises a rolling foothill region, in which narrow creek val- 



t$ 



AH^AROKA DIVISION OF YELLOWSTONE FOREST RESERVE. 



IJff^r.- -Abun<knt except in the subalpine areas. It consists of dea<l and down 
timff^r. \h \mn the unconsumed debris remaining after fires and in part trees killed 
*/! ^if/nAiuig in the close-set lodgepole pine stands. 

/A//A//*, -None, or at the most a thin topping of moss and pine needles in the 

/f/0//^r //«// r^K-k MdeM. — Frequent throughout all of the higher are&s of the 
U/nttMp, iM» nbown by the accumulations of debris in the bottom of the canyons. 



f 'yfi«4U9r| . 



CUmificntion of lands in T, S *S'., R. 10 E 

Acres. 

6,560 

%'yf*f'^«*t*»J 8, 800 

i'm/W-i Uini$^\ 3,800 

N/ief«*I m\\^\i 250 

\'/ryt\\\M\r%\ None. 

ttr^i^ 1,000 

Vmt^, ftft'k^ 4,000 

TtAxd stand of timber in T, S S., R, 10 E. 



Hf^ffdM. 



Ftet B. yf. 

I>KlKeH#f [liiM* 1,600,000 

Whitif^jark pirn 

lUi'\ «r 

Kuljalpin<; fir ... 

KoK^^linann upniw i 2, 600, 000 



Mill timber. 



1,200,000 



Pole and fuel 
timber. 



Cubic/eet. 

4,500,000 
800,000 

2,000,000 
800,000 
550,000 



Total I 5,400,000 



8,650,000 



Total volume of 
all timber. 



Cubie/eet. 
4,788,000 

800,000 
2,216,000 

800,000 
1,018.000 



9,622,000 



(Mnjtf}itHion of fftrent in T. S S,f R, 10 E.f including trees of all species with basal diameters of S inches and 

upward. 

Per cent. 

\AAii(*iH}\e pine 60 

Whitif-Fmrk pine 2 

K^a «r 28 

Stilmlpine fir 5 

Kiixelmann Hpru<;e 5 

Township 8 South, Range 11 East. 
7h/Mj(/raj}/u/. — All of the township with the exception of the northeast quarter 
and a jwrtion of the Houtheast (jiiarter consists of a rough, deeply sculptured mass 
of mountains, which in the most elevated portions attains altitudes of nearly 10,0U0 
feet. The ridges and spurs are narrow, rock}-, steep, and precipitous, crowned 
with serrated and pinnacled crests. The canyons, generally contracted and cliff- 
bound, are littered with great accumulations of bowlders. The northeast quarter 
of the township comprises a rolling foothill region, in which narrow creek val- 
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leys and swales separate long easterly and westerly combs and ridges. The 
southeast corner of the tract is chiefl}^ comprised in the valley of West Boulder 
River, a depression 600 to 700 feet below the summits of the inclosing ridges, 
here broad and open, but near the south line of the township contracting into a 
canyon. 

J/7;? ing, — None. 

SolL — Throughout the mountain areas the soil is thin and stony, and the surface 
is littered with bowlders. In the foothill region in the northeast quarter of the 
township the swales and creek bottoms have a deep, rich, loamy soil, while the 
ridges generally are ston}' and strewn with great masses of bowlder drift. The 
bottom lands in West Boulder River have a thin, loamy soil, resting on clear 
gmvel and boulder drift. 

Agricultural adaptahilUy, — The swales and creek bottoms in the foothill 
region and the bottom lands in West Boulder Vallev are agricultural in charac- 
ter and are occupied and in cultivation wherever irrigation is possible. The 
mountain areas contain no agricultural lands. 

Grazing capacity. — All of the northeast quarter of the township that is not 
susceptible of tillage and that does not bear forest is grazing land. Small tracts of 
gmss land also occur in the valley of the West Boulder and as scattered glades along 
the creek bottoms throughout the mountain areas. In the aggregate the grazing 
lands comprise 3,500 acres. 

Drainage conditions, — The run-off is abundant. Small pools and springs are 
numerous at the heads of the can\'ons. Many of the high northern slopes hold banks 
of snow throughout the year. Much of the run-off sinks and is lost in the steeply 
upturned and deeply fissured limestone strata of the region, and in the vast morainic 
accumulations in the larger canyons. Where conditions are favorable the streams 
are utilized for irrigation purposes. 

Snov) and rock slides. — Common anfl frequent at all seasons. Enormous masses 
of overhang, mostly fissured and rapidly crumbling, occur all along the higher sum- 
mits, while the talus slopes are loose and sliding on substrata of wet, clayey mud. 

Towns and settlements. — There are no towns. Settlers are living on the culti- 
vated areas in the northeast quarter of the township and in the West Boulder 
Valley up to the south line of the tow^nship. 

Forest conditions. — With the exception of the lower areas in the canyon of Davis 
Creek, a tributary of the West Boulder entering along the south line of the town- 
ship, the forest is composed of stands thinly stocked, in so far as relates to the mature 
forest. Small tracts of the slopes adjacent to the foothill region carry moderately 
well-stocked stands of sapling red fir, which is the prevailing species in all the lower 
areas of the northern portion of the township. The foothill region is sparsely 
stocked with scattering stands of this species along the creek bottoms and on northern 
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Hlope.-4 of the combs and ridgen. In the interior portions of the township lodgepole 
p«ne, Engelmann j^pruce. and ^ubalpine iir form the forest in the ralley bottoms and 
at middle ele^ationn. At higher altitudes the lodgepole pine thins out and is replaced 
by white-^jark pine. The forest i?» much broken and irregular, owing to the many 
hmall burni^ and bare rocky expanses devoid of soil that occur everywhere in the 
rffgion. All ages of growth are represented, from pole stands 30 to 40 years old to 
mature stands 150 to 2^)0 years old. One-fourth of the forest is less than ICn) years 
old. The heaviest stand, and the most prolific in mill-timber dimensions* occurs in 
the Davis Creek bottoms along the south line of the township. It yields from 
5J9(H) U) 10/XX; feet B. M. to the a^Te and is composed principally of red fir 120 to 
175 years old, with small propf>rtions of spruce and the western white pine {Plnus 
rnonticola). 

Cuttin/j. —TYie, stands in West Boulder Valley were cut and culled 75 per cent 
at the time of the Northern Pacific Railroad construction to furnish tie timber. 
Small areas in the foothills have also been cut over to supply local demands for 
fuel and poles. 

Hums. - Small areas of bums, 6 to 20 years old, are scattered throughout the 
forest. The largest tracts of burned forest are situated in and contiguous to West 
Boulder Valley. They comprise in the aggregate 3,200 acres, and are practically 
clean burns, all the timlier having been either consumed or killed. 

RepTfjdwrtifm. — Reproduction Is slow and deficient on all the higher slopes and 
summits. It is moderate at middle elevations except on the bums, where, outside 
of West Boulder Valley, there i^ little or no young growth. On the burns where 
restockage has l>egun lodgepole pine is the leading species. In the foothill 
region and on the slopes fronting on those areas red fir is the predominating 
species. In the mature forest there is a moderate amount of young growth com- 
[Kjsed of the same species which form the old growth. 

Uiidergrimtk. — The undergrowth is scanty. It is composed of willows, alders, 
juniper scrub, and the like. 

Litter, — Litter is abundant in the more vigorous and close-set stands; else- 
where there is little. It is chiefly conaposed of the unconsumed d^ris from 
former fires and of trees killed by overcrowding. 

Ihmivs. — On northern slopes a thin cover of moss and pine needles. 

ClamflcaUcm of lando in T. S S., JR. 11 E. 

Foreited 10,160 

Nonforested 12,880 

Badly burned 3,200 

Ix)|o?ed 1,600 

Agricultural 1, 800 

(irazinj^ 3,500 

Bare? roclcH 4,380 
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Total stand of timber in T. S S., R. 11 E, 



87 



Species. 



Mill timber. 



Pole and fuel I Total volume of 
timber. all timber. 



FtetB.M. 



Limber pine 

Lodgepole pine 

White pine 

White-bark pine .. 

Red fir 

Subalpine fir 

Engelmann spruce. 



1,500,000 
500,000 



21,000,000 
6,500,000 



Oubicfeet. 

80,000 

1,800,000 

300,000 

500,000 

12,000,000 

4,000,000 

5,000,000 



Total 29,500,000 



23, 680, 000 



CuMcfett. 

80,000 

2,070,000 

390,000 

500,000 

15,780,000 

4,000,000 

6,170,000 



28,990,000 



Composition of forest in T, S S., R, 11 E.^ including trees of all species with basal diameters of S indies and 

upward, > 

Percent 
Limber pine 0. 2 

Lodgepole pine 10. 8 

White pine 1 

White-bark pine 3. 9 

Red fir 62 

Subalpine fir 15 

Engelmann spruce 10 

Township 3 South, Range 14 East. 

Topogra/pKy, — ^This township comprises a mass of steep, precipitous spurs and 
ridges rising to altitudes of 7,200 feet, which mark the northern terminations of the 
mountains of the Boulder drainage. It is drained partly by Deer Creek, and partly 
by East Boulder River. 

Mining, — None. 

Soil. — Gravelly loam, clayey and gumbo-like in places. 

Agricultural adaptahility , — None. 

Orazing capacity. — Small tracts in the western areas, chiefly deforested hillside, 
are grassed over and furnish limited areas of pasturage. 

Drainage conditions. — The run-off at the time of the spring break-up is large, 
but, owing to the very steep and broken character of the region, does not last long. 
During the summer the creeks and rivulets heading in the tract are either dry or 
carry only an insignificant amount of water. 

Snow and rock slides. — Frequent in the central areas of the tract. 

Toions and settlements. — None. 

Forest conditions. — The stands are very much broken and scattered owing to 
the rocky ground and the extensive fires that have invaded the region. The 
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higher areas bear stands of lodgepole pine, mostly in the sapling stage. At middle 
and lower elevations red fir is the leading species, 50 per cent of the timber being 
sapling growth. 

Woodlaiids. — ^The southeast and the northwest corners of the township are 
lightly stocked with timber and constitute woodland. The growth consists of limber 
pine, scattered yellow pine, and copses of red fir. 

Cutting. — None. 

Burns. — Extensive fires have run throughout the central and western areas. 
They date back six or seven yoars, and have destroyed all of the timber on the areas 
where they burned. 

Beproduction. — Deficient on the burned-over areas; abundant elsewhere. Red 
fir predominates in all the young growth. 

Undergrowth. — Scanty. 

Litter. — Abundant on the burned-over ground. 

Humus. — None. 

CUmiJication of lands in T. S S., R. 14 E, 

Acre*. 

Forested 7,060 

Wooded 2,800 

Nontimbered 13,180 

Badly burned 9,500 

Logged None. 

Agricultural None. 

Grazing 1,680 

Bare rocks 2,000 

Total stand of timber in T. S S., JR. U E, 



Limber pine 

Lodgepole pine 

White-bark pine . . . 
Red fir 

Engelmann spruce . 

Total 



Species. 



Mill timber. 



Pole and fuel 
timber. 



Fat B. M. 



12,000,000 
300,000 



12, 300, 000 



Total volume of 
all timber. 



Cubic fed. 
1,300,000 
1,500,000 
300,000 
4,000,000 
100,000 



7,200,000 



Cubic feet. 
1, 300, 000 
1,500,000 

300,000 
6,160,000 

154, 000 



9, 414, 000 
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Com^Mjsitiou of forest in T. S S.j R. 14 E., including trees of all species mth basai diameters of S inches and 

upward. 

Per cent. 

Limber pine 8 

Lodgepole pine 35 

White-bark pine 1 

Yellow pine Scattered treee. 

Red fir 53 

Subalpine fir 2 

Engelmann spruce 2. 5 

Aspen and cotton wood 3 

Township 3 South, Range 15 East. 

Topography, — ^This township comprises a tract olF countrj^ situated at the head of 
Bridger and lower Deer creeks and forms the termination of one of the long northerly 
spurs which stretch out from the great mountain masses in the lioulder drainage to 
the south. It possesses a very rough relief, the entire township, with the exception 
of a narrow strip along the east line, being a succession of steep, rocky ridges and 
narrow, cliff-bound canyons. The altitude varies from 5,600 to 7,000 feet. 

Mining, — None. 

Soil, — Gravelly and clayey loam. 

Agricultural adaptability, — ^The township contains no tillable land owing to its 
exceedingly rough surface. 

Grazing cajxicity, — The southeastern and northern areas are in part well grassed 
and have long been used as pasture grounds, chiefly for cattle, and, to a lesser extent, 
for sheep. The pasturage is mostly bunch grass and has not been seriously over- 
grazed in any locality. 

Drainage conditi(ms, — The outflow from the township is carried by Bridger 
and lower, or East Deer, creeks. The multitude of runs and ravines which intersect 
the tract are mostly dry throughout the greater part of the year. The total run-off 
on the areas embraced within the tract is of insignificant volume. 

Snow and rock slides, — Not infrequent in the central portions of the tract along 
the steep slopes of lower Deer Creek. 

Town and settlements, — None. 

Forest conditions, — The forest consists of red fir and limber pine at lower 
elevations with tracts of lodgepole pine at the highest altitudes. In general the 
stands are thin, and are scattered as copses of varying extent over the rockj' slopes. 
Here and there at the head of Bridger Creek and in the middle areas of the Deer 
Creek drainage are a few close-set stands of red tir. The i-ed fir growth is largely 
composed of mature stands, while the lodgepole pine is chiefly in the pole and sapling 
stage. 
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Woodlands. — ^The extreme eastern and parts of the northern areas ai*e thinly 
stocked with red fir and limber and yellow pine, and constitute woodlands. Climatic 
conditioas in part, but chiefly often repeated fires during the Indian occupancy of 
the region, are the causes of the thinly stocked conditions of the woodlands. 
Most of the area is («pable of supporting modemte stands of forest. 

CiUting. — Small areas along Deer Creek in the northern portion of the town- 
.>hip have been cut over to supply local demands. 

Burns. — ^The burned-over tracts are raostl}' confined to the southwest quarter 
of the township in the lodgepole pine stands, and are eight to ten years old. 
The destruction of timber on them has been complete. 

Reprfjductioh. — Scanty in the woodlands and in the lodgepole pine growths 
as well as on the burned-over ai*eas. Young growth is abundant in the red-fir 
stands, and is composed almost wholly of this species. 

Undergrowth. — Very light. 

Litter. — Abundant on the burned-over tracts; little in other localities. 

IIuniAiH. — None. 



Foreste<l. 



Clas8ification of lands in T, S S., R 15 E, 

Acres. 

11,040 

Woodetl 3,800 

Nontimbered 8,200 

Bftrlly bame<l 3,000 

Lo(p<ed (culled) 600 

Agricultural None. 

GraziiiK ., 4,200 

Bare rucku 1,000 

Total stand of timber in T S S,, R. 15 E. 



Species. 



Mill timber. 



Pole and fuel 
timber. 



Total volume of 
all timber. 



Umber pine 

l>(Klgepole pijie 

Red fir 

Engelmann Hfirtice . 

Total 



Feet B, M. 
1,000,000 
2,000,000 

10,800,000 
500,000 



Cubic JeeL 
3,000,000 
6,000,000 
5,500,000 



•Cubic Jeet. 

3,180,000 

6,360,000 

7,444,000 

90,000 



14, 300, 000 



14,500,000 



17,074,000 



(.'ojnposition of ft/rent in T. S *S'., /?. 15 E,, including trees of all species with basal diameters of S inches and 

upward. 

Per cent. 
Limber pine 10 

Lodgepole pine 35 

Red fir 53 

Engelinann epruce 2 
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Township 4 South, Range 10 East. 

Topography, — ^This township comprises high, rough mountains rising to eleva- 
tions of 10,000 feet, abounding with precipices and sharp declivities. The summits 
are rocky, fissured, and crumbling, and the canyons are narrow and littered with 
talus accumulations and debris swept down from the mountain sides hs avalanches 
and landslips. Only 21,120 acres of this township are within the reserve, three 
sections, or 1,920 acres, in the northwest corner being excluded. 

Mining, — None. 

Soil, — All of the soil, except a thin top-dressing of loam, is derived from hard, 
granitic rocks and is highly siliceous and sterile. It rests on gravel and bowlders. 

Agricultural adaptability, — ^The steep slopes, rocky and sterile soii, and high 
altitude render the land unfit for agriculture. 

Grazing capacity,— The township has no grazing value. 

Drainage conditions, — There is a large run-off from tht high areas of the town- 
ship, but most of it is absorbed or sunk in the talus and morainic debris of the 
lower slopes and valleys, and comparatively little reaches the levels of the Yellow- 
stone Valley. The waters of the streams flowing from the western areas of the 
township are used to some extent for irrigation in the Yellowstone Valley. 

Snow and rock slides, — Avalanches of snow and rock are of frequent occurrence 
throughout all the higher areas. 

Tovms and setUeinents, — The township is uninhabited. 

Fo^'est conditionH, — The forest consists of thin stands of white-bark pine, Engel- 
mann spruce, and ubalpine fir, scattered among the breaks of the slopes and around 
the heads of the canyons, while in the valley bottoms lodgepole pine, chiefly a 
sapling growth thirty to forty years old, forms the prevailing timber. Red fir 
occurs on the lower and warmer slopes of the western areas. Most of the timber is 
situated in inaccessible places and has only a fuel value. 

Chitting, — Small quantities have been cut in the western areas for farm use in 
the Yellowstone Valle3\ 

Burns, — The burns are confined to the western areas and aggregate 1,800 acres. 

Beproductiim, — The reproductive capacity of the subalpine forest is low. In the 
lodgepole pine stands at middle and lowest elevations young growth is abundant 
and vigorous. The burns are restocking chiefly with lodgepole pine in place of 
the former red fir and spruce. 

TJndergro^cth, — Brush growth is moderatel}^ abundant except in the subalpine 
forest, where it is light or lacking. It consists of cherry, juniper, juneberry, Ceano- 
thus^ and huckleberr}'^ of several different species. 

Litter, — In the lodgepole-pine stands litter is abundant. It consists of dead and 
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Mining, — None. 

Soil. — Stony and gravelly glacial debris, with thin top-dressings of loam. 

Agricultural adaptability, — None; the mountainous and elevated character of 
the region makes agriculture an impossibility. 

Grazing capacity, — A number of wet meadows and glades in the West Boulder 
Canyon are adapted to gi'azing purposes. The summit of West Boulder Plateau is 
covered with alpine sedges and grass and can be pastured, although access is difficult. 

Drainage c(mdition8, — The tract has a large outflow. Springs, marsh}' tracts, 
rivulets, and creeks are numerous. Small ponds occur here and there. A large 
quantity of the outflow sinks in the tjilus slopes and glacial litter that lie in the 
valley of the West Boulder, and does not reappear either in the township or outside. 

Toimu and settlernents, — The township contains no settlements. 

Forest conditions. — The eastern areas carry no forest on the summit of West 
Boulder Plateau and only a thin subalpine growth along the upper line of breaks. In 
the valley the stands are composed of thickset lodgepole pine, with spruce and red 
fir, the latter reaching a height of 100 feet and a diameter of 3 feet. The stands 
in the extreme northeast corner consist chiefly of 25 to 30 3'ears old lodgepole 
pine. The western areas of the township are in part situated above timber line, and 
in part bear thin, scattering stands of subalpine species. The bottoms of the West 
Boulder are not difficult of access and much of the timber standing there can be 
floated down the stream during high water. The timber on the higher slopes can 
not readily be reached. 

Cutting. — In the West Boulder Valley, near the north line of the township, the 
timber on 1,800 acres was culled 60 per cent by tie cutters in 1882-83. 

Buims. — Severe burns visited portions of the tract in 1882-83 and at intervals 
since that time. The burns are confined chiefly to the northern portion of the 
township, where they occur on the slopes of W^est Boulder Plateau, near the outlet 
of Davis Creek and along the west bank of Boulder River. 

Reproduction. — There is as yet no restocking of the burned-over areas near 
Davis Creek nor on the higher slopes of West Boulder Plateau. Elsewhere in the 
township sapling growth is exceedingly abundant outside the subalpine areas, 
lodgepole pine everywhere replacing the burned red fir. Large tmcts of the 
burns have restocked with close-set stands of aspen, which here and there is giving 
way to lodgepole pine. 

Undergrowth. — Abundant throughout, except at subalpine elevations. 

Littei\ — Abundant almost everywhere. On the burned-over areas the litter 
is enormous in quantity. The fire ran through exceedingly close-set lodgepole pine 
stands without consuming the trees, merely killing them, and the dead timber, now 
falling, forms almost impenetrable masses of woody debris. 
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Humus. — In the unburned forest, especially in the bottoms of West Boulder 
Valley, a la^'er of moss 6 to 8 inches deep forms the humus. In the drier situations 
this layer is only an inch or two in depth. 

Classification of lands in T. 4 S., R. 11 E. 

Acres. 

Forerted 10,240 

Nonforested 12,800 

Badly burned 2,400 

Logged 1,800 

Agricaltaral None. 

Grazing 4,500 

Barerocka 5,100 

Ponda and streama 800 

Total stand of timlnnr in T, 4 S., R. 11 E. 



Speciet. 



lyjdgepole pine 

White-bark pine... 

Red fir 

Babalpine fir 

Engeloiann apmce . 

Totol 



Mill timber. 



Feet B, ;'. 
10,000,000 



18,000,000 
12,000,000 



40,000,000 



Pole and fuel 
timber. 



CuMe/eet. 

14,000,000 
3,000,000 
6,000,000 
3,000,000 
5,000,000 



31,000,000 



Total volume of 
all timber. 



Oubie/eet. 

15,800,000 
3,000,000 
9,240,000 
3,000,000 
7,160,000 



38,200,000 



ComposUUm of forest in T, 4 S., R. 11 E.y including trees of all species with basal diameters of S inches 

and upward. 

Per cent. 
Lrxlgepole pine 40 

White-bark pine 2. 2 

Red fir ^ 35 

Sabalpine fir 2 

Engelniann spruce 20 

Aspen and cottonwood 8 

Township 4 South, Range 12 East. 

Tojmfraphy. — The western and central areas of the township consist of high, 
rocky spurs stretching eastward from the so-called West Boulder Plateau. They 
attain elevations of 10,000 feet and end with steep, bowlder-strewn fronts on the 
valley of Boulder River, which cuts through the eastern part of the township. The 
bottoms of this valley, one-fourth mile or less in width, consist of two or three 
low terraces. The valley is hemmed in on the west and east by steep, cliff-lined, 
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talus-covered slopes rising 2,500 to 3,000 feet before merging with the summit levels 
of the inclosing ridges. 

Mining. — Placer claims and prospects on quartz leads of uncertain value are 
located along Boulder Valley. None are ore producing, and the placers are not now 
worked for their mineral contents, but have mostly been turned into hay meadows 
and pastures. 

Minerals. — Gold. 

Soil. — Thin and gravelly, consisting almost wholly of detritus derived from 
hard, siliceous granite rocks, with a slight top-dressing of loamy matter. Much of 
the levels and terraced slopes in the Boulder Valley are thickly strewn with 
bowlders. 

Agricultural adaptahility. — Small tracts of land on the lowest terraces in the 
Boulder Valley are utilized for agriculture. In the aggregate 1,200 acres are 
cultivable. The slopes and summits of the ridges and spurs are too steep anfi rocky, 
and situated at too high altitudes to be available for farming. 

Grazing capacity. — The tracts at present utilized for pasture comprise 4,500 
acres, and consist of temporarily deforested fire glades in the Boulder Valley and of 
alpine and subalpine meadows on the high summits bordering the valley. 

Drainage conditions. — A large volume of run-off originates in the township. 
The district contains no lakes nor tarns, but the high areas in the western and central 
portions give rise to numerous creeks. The drainage is carried by Boulder River, 
which here is from 25 to 35 feet wide, with a depth varying from 14 to 25 inches at 
medium stage of water. The stream along its lower courses in the townships north 
of the reserve is of great importance in irrigation work. 

Snaic and rock slides. — Of frequent occurrence along the steep breaks of 
Boulder Valley. 

Towns and settlements. — ^The district contains no towns. Farmsteads are scat- 
tered along Boulder Valley on the agricultural lands. Near the north line of the 
township, in the valley, is a small collection of houses, or a sort of hamlet, named 
Contact. Miners' cabins are scattered throughout the mineral-bearing areas. 

Forest conditions. — The forest is thinly stocked. At low altitudes it consists of 
small stands of lodgepole pine and red fir, surrounded by extensive burns, while at 
higher elevations thin lines of trees and copses of small extent are scattered among 
the rocky breaks and grassy glades. Most of the timber grows in inaccessible 
places and has only a fuel value. 

Cutting. — The timber in the accessible portions of the Boulder Valley was 
culled by tie makers in 1882-83. Since then most of the cutting has been to suppl}^ 
the local demand of the farmers in the region. Small quantities have been cut here 
and there by prospectors and miners. In all, 2,500 acres have been cut over, and 
60 per cent of the timber on these tracts removed. 
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Bunts, — The region has been visited b}' severe and extensive fires, niosth' 
during 1882-83. The immediate valley of Boulder River has suffered most severely, 
and many of the fires have been clean burning, consuming everything. In the 
aggregate, 7,0(K> acres have been l)urned over. 

Reproductiou, — The restocking processes throughout the district are slow and 
deficient. In the sulmlpine areas 3'oung growth is scanty. The burned-over tracts 
are reforesting tardily, lodgepole pine at low and middle elevations evervwhere 
replacing the former stands of red fir. 

Undergrmcth. — The brush growth is scanty except here and there on the burned- 
over tracts, where close growths of Ceanothus are occupying the ground and prevent- 
ing reforestation. 

Litter, — In portions of the burned-over ground and in lodgepole-pine stands 75 
to 90 years old are large accumulations of dead and fallen pole timber in various 
stages of deca3\ 

Ilivmns, — None. 

Classification of lands in T. 4 S., R. 12 E, 

Acres. 

Forested 6,000 

Nonforested 17, 040 

Badly burned 7, 600 

Logged and culled over 2, 500 

Agricultural 1,200 

Grazing 3,000 

Bare rocks and alpine 5, 240 

Total stand oftimUr in T. 4 'V., li. 1^ E. 



Lodgepole pine — 
White-bark pine. . . 

Red fir 

Subalpine fir 

Engelmann spnice . 

Total 



Species. 



Mill timber. 



Fict B.M. 



"I 



Pole and fuel 
timber. 



2,800,000 I 



800,000 



3, 600, 000 



Total volume of 
' all timber. 



Oibicjra. 


Cuffir/cfl. 


4,000,000 


4,000,000 


200,000 


200,000 


2,500,000 


3,004,000 


350,000 


350,000 


500,000 


644, 0(X) 


7, 550, 000 


8,198,000 



Composition of forest in T, 4 S.y B. 12 E., including trees of all species with basal diameters of S inches and 

upward. 

Per cent. 
Lodgepole pine 50 

White-bark pine 5 

Red fir 45 

Subalpine fir 1.5 

Engelmann spmc^e 3 
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Township 4 South, Range 18 East. 

Topograjyhy, — The western and central areas comprise high, subalpine tracts 
rising to altitudes of 10,00(^ feet. In the eastern areas the narrow, rocky canyon 
of the East Boulder cuts through the mountains, which, on the eastern side of the 
canyon, again rise steeply to subalpine heights. 

Mining, — None. 

Soil, — Gi'avelh^ loam, mostly stony and strewn with bowlders. 

Agricultural adaptuhiliiij, — Small tracts, in all 500 acres, situated in the canyon 
of the East Boulder are tillable. The remainder of the township is too high and 
rocky for agriculture. 

Grazing capacity, — The township contains no proper gi-azing lands. Small 
glades and temporaril}' deforested burns are used as pasture ground by the few 
settlers in Boulder Valley. 

])rainage conditions, — The high subalpine areas, from which snow is never absent 
any great length of time, discharge a large amount of water, most of which runs otf 
by way of East Boulder Canyon. The tract as a whole is an important natural 
reservoir for maintaining the flow in the main Boulder River, the water of which 
is largely used for irrigation purposes on the agricultural lands adjoining the 
Yellowstone Valley. 

Snaic and rock dides, — Frequent in the high areas in the southeast corner of 
the township. 

Towns and settlements. — Six settlers liv^e on the agricultural lands in East 
Boulder Canyon. Outside this area the township is not inhabited. 

Forest conditums. — The lower portions of East Boulder Canyon bear close-set 
stands of red fir, lodgepole pine, and spruce, one-third of which is sapling growth, 
representing reforestations after fires which burned a half centur}- ago. The old 
growth varies from 120 to 175 years of age. The red fir is mostly of the tali, slender 
type, the spruce of the low, stocky, limby form. The subalpine species are scattered, 
some as small copses or thin lines, others in compact stands of larger extent. This 
township at its lower and middle elevations, and particularly in the East Boulder 
canyons, has been one of the best stocked townships in the reserve, but owing to fires 
has lost most of its timber during the last twenty or twenty- five years. 

Cutting. — The cutting has been confined to the lower portions of Boulder 
Canyon. Part of the cut has been for local and fanu use, part for sawmill purposes. 
The cut and culled areas aggregate 1,500 acres. 

Burns. — Extensive burns have devastated the township, chiefly in the southern 
and eastern areas, destroying the forest on 5,700 acres. 

Reproduction, — Restocking of the recent burns has not yet begun. On the 
older burns a close-set young growth of lodgepole pine is replacing the former 
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stands of spruce and red fir. In the subalpine stands young growth is moderately 
abundant, and is sufficient to maintain the present density of the forest. It is chiefly 
composed of Engelmann spruce. 

Undergrowth. — Dense willow and alder brush are abundant in the canyon bot- 
toms and on the lower slopes. In the subalpine stands there is little underbrush. 

Litter. — Throughout the burns and in the sapling stands there is a great deal of 
litter consisting of dead and fallen fire-killed timber in various stages of decay. 

IlumuH. — The bumas on northern slopes consists of a thin moss cover, and 
elsewhere of light layers of pine needles. 



Classification of lands in T. 4 S., R. IS E. 



Forested 



Acres. 
14,440 



Nonforested 8,600 

Badly burned 5,700 

1,500 

500 

None. 



Logged 

Agricultural . 
Grazing 



Bare rocks 2,000 

Lakelets, tarns, and streams 400 

Total stand of timber in T. 4 S,, R. IS E. 



Species. 



Lodgepole pine 

White-bark pine... 

Red fir 

Subalpine fir 

Engelmann spruce . 



Mill timber. 



Fset B. M. 
10,000,000 



8,000,000 
6,000,000 



Total ! 24,000,000 



Pole and fuel 
timber. 



I Total volume of 
all timber. 



J_ 



Cut>ic/€et. 
16,000,000 
2,000,000 
5,000,000 
4,000,000 
2,000,000 



29,000,000 



Cttbic/eeL 

17,800,000 
2,000,000 
6,440,000 
4,000,000 
3,080,000 



33,320,000 



Composition of forest in T, 4 S., R. IS E,, including trees of all species with basal diameters of S inches and 

upward. 

Per cent. 

Lod^pole pine 60 

White-bark pine 4 

Red fir 10 

Subalpine fir 10 

Engelmann spruce : 16 

Township 4 South, Range 14 East. 

Topography. — The western and central areas of the township comprise steep, 
rough mountains rising to elevations of 10,000 feet. In the eastern areas the slopes 
gradually spread out and form long and comparatively low ridges and spurs. 

Mining, — None. 
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Soil. — Stony, gravelly, and strewn with bowlders. 

Agricultural adaptahility. — The region is worthless for agriculture, owing 
partly to its thin and stony soil, but chiefly to its high altitude. 

Grazing capacity, — No portion of the region is a proper grazing tract, but the 
woodlands in the northeast corner of the township, comprising 2,000 acres, have a 
grass and sedge cover, and would serve for pasturage purposes. 

Drainage conditions, — The run-off is small in volume, and is mostly confined to 
the western slope, whence it flows into East Boulder River. On the eastern areas 
of the township most of the water channels are dry runs during the larger portion 
of the year. 

Snow and rock slides. — Infrequent. 

Towns and settlemenis. — None. 

Forest conditions, — The forest is of the subalpine type. Along creeks and on 
northern slopes of ridges where it has not been destroyed l)v fire it is generally low 
and scrubby, and consists of scattered patches and isolated stands. It has only a 
fuel value. Much of it forms the timber-line fringe of arborescent growth, and is 
depressed to the stature of shrubs. 

Woodlands, — The timber growth in the northeast corner of the township con- 
sists of scattered trees and small copses, chieflj' limber pine, with small proportions 
of red fir, and constitutes woodlands. The tract contains 2,(XK) acres, and the 
timber on the same has only a fuel value. 

Cutting. — None. 

Burns, — Extensive burns occur throughout the forested areas. They date back 
seven or eight years, and have destroyed the timber on over 14,000 acres. 

Reproduction, — Scanty throughout and on the burned areas mostly lacking. 
The woodlands have scarcely any young growth. Lodgepole pine forms the bulk 
of the restockage at the higher elevations, red fir at lower altitudes. 

Zhidergroicth, — Very light. 

Litter, — The burned-over areas are encumbered with large quantities of partly 
consumed woodv debris. In the woodlands litter is lacking. 

Ilumus. — None. 

Clamficati/m of lands in T. 4 'S'., R. 14 E. 

Acres. 
Forested 3, 900 

Wooded 2, 000 

Nontimbered 17, 140 

Badly burned 14, 530 

Logged None. 

Agricultural , None. 

Grazing None. 

Bare roc-ka and alpine 2, 610 

8574— No. 2»-04 i 
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Total stand of limber (pole and fuel) in T. 4 S.y R, U E. 

Cubic feet. 
LimherfHoe 1,000,000 

Lndgepole pine 2, 000, 000 

White-bark pine 500,000 

Red fir \ 500,000 

Sabolpine fir 850,000 

Engelmann epmoe 600, 000 

ToUl 5,460,000 

fjMnpfjmiifm of fared in T. 4S,y R. 14 E.y including trees of all species with basal diameters of S inches and 

upward. 

Percent 
JjfffigeitfAe pine 75 

VThite-hark pin<' 4 

fkibalpine fir 10 

Engelmann 8prtu.-e 11 

Composition of the woodland growth in T. 4 S.^ R. 14 E. 

Per cent. 
Limber pine 80 

B«d fir 20 

Township 4 South, Range 15 East. 

Topography.— Th^ relief of the region is made up of numerous low ridges and 
cM>mb8, separated by comparatively broad and shallow canyons; the whole forms a 
sort of rolling plateau region constituting foothill country on the western slopes of 
the East Boulder-Stillwater divide. 

Mining, — None. 

Soil. — Gravelly loam is found in the southwestern areas. In the remainder of 
the township the soil is clayey and gumlx)-like. 

Agricultural adaptahility, — The rolling character of the region and the impos- 
sibility of irrigation in the di.strict preclude agricultural operations. 

Grazing capacity. — Practically the entire township is a grazing area. In the 
northwest corner of the township fire has destroyed the forest cover on a small tract 
and made it temporarily available for grazing. With the exception of this area, all 
of the woodlands and the nontimbered tracts, separating the different stands of 
ar})ore8cent growth, are covered with a thick and close sward of bunch grasses, not 
yet very closely pastured. 

Drainnge amditicms. — The outflow from the township is insignificant in volume. 
Most of the creeks and canyons are mere dry runs. The lack of water is probably 
the reason for the small amount of pasturing to which the tract has been subjected. 

Snow and rock slides. — None. 

ToiimH and settl^nents. — None. 

Forest conditUms. — The township contains no forest. 
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Woodlands.^-The woodlands comprise 60 per cent of the tract. The timber 
occurs as small copses, thin lines, and single trees scattered over the entire tract. 
The growth is composed of limber pine, red fir, and yellow pine. The pines are 
mostly old growths, while of the red fir 50 per cent are sapling stands. 

Cutting. — None. 

Bums, — In the northwest corner 1,500 acres of land formerly forest covered 
have been burned over within the past six or eight years. 

Reproduction, — Red fir is reproducing freely, and in many places along the west 
line of the township this species is encroaching on the woodland area. The repro- 
duction of the limber and yellow pine is slow and deficient. 

Undergrowth, — Very sparse; in most places lacking. 

Litter. — None. 

Humus. — None. 

ClamficatUm of lands in T. 4 S., R. 16 E, 

Acres. 
Forested None. 

Wooded 13,000 

Nontimbered v 10,040 

Badly burned 1,500 

Logged None. 

Agricultural None. 

Grazing , 8, 540 

Toua stand of timber in T. 4 S,, R. 15 E. 



Species. 



Limber pine . 
Yellow pine . 
Red fir 



Total. 



Hin timber. 



FeetB.M. 



100,000 
400,000 



500,000 



Pole and fuel 
timber. 



Cubicfeet, 
850,000 
50,000 
900,000 



1,800,000 



Total volomc of 
all timber. 



OuMc/eet. 
850,000 
68,000 
972,000 



1,890,000 



Composition of forest in T, 4 S,, R. 15 E., including trees of all species vnth basal diameters of S inches and 

upward. 

Per cent. 
Limber pine ^ 37 

Yellow pine 2 

Red fir 60 

Aspen and cotton wood 1 

Township 4 South, Range 16 East. 

Topography, — ^The township consists of a rolling table-land varying in elevation 
from 6,600 to 6,000 feet. It is cut and furrowed by numerous shallow canyons, 
ravines, and gullies, and in its eastern portion by the valley of Stillwater River. 
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Mining. — None. 

Soil. — Clayey loam. Sandy, gravelly, and bowlder-strewn tracts are of common 
occurrence in the valleys. 

Agricultural adaptability. — ^The valleys are agricultural where not too stony. 
In some localities the uplands are tillable without irrigation, but in general the higher 
ground can not be cultivated successfully without irrigation. 

Grazing capa/ylty. — ^The entire township, outside the tracts actually in cultiva- 
tion, is essentially a grazing area. 

Drainage conditions. — Very little drainage originates in the township. Water 
for irrigation is obtained from the streams, chiefly from Stillwater River, that head 
in the mountain regions to the south. 

Snow and rock slides. — None. 

Tovms and settl-ements. — ^Farmsteads are scattered throughout the township on 
the agricultural lands. There are no villages or towns. 

Forest conditions. — The township contains no forested areas. 

Woodlands. — Scattered trees and small copses of aspen, red fir, and limber pine 
occur over most of the township. The growth is too thin to classify the tract even 
as woodland, in the strict sense of the word. 

Cutting. — The timber has been culled over throughout for farm uses. 

Bums. — None. 

Reproduction, — There is a moderate amount of young growth in the southern 
portions of the township, where stands of red lir are springing up on many of the 
northern slopes and show a marked tendency to spread into the adjoining grassy, 
nontimbered areas. Most of the district is capable of supporting moderately well- 
stocked stands of red fir and limber pine. Its present gi'assy, lightly timbered con- 
dition is wholly due to repeated fires during centuries of Indian occupancy, with the 
consequent suppression of seedling growth. 

Undergrowth. — None. 

Litter. — None. 

Humus. — None. 

Classification of lands in T. 4 *S., K, 16 E. 

Acres. 
Woodland grazing 20,500 

Agricultural 2,540 

Total stand of timber {pole and fuel) in T. 4 S.j B, 16 E, 

Cubic feet. 
Limber pine, yellow pine, red fir 900, 000 

Composition of the woodland stands in T. 4 S., R. 16 E., including trees of all species with basal diameters of 

3 inches and upward. 

Per cent. 

Limber pine 30 

Yellow pine 20 

Red fir 50 



/w .^^ 
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Township 4 South, Range 17 East. 

Topi^rapky. — This township consists of rolling plains intersected by small 
draws and creek bottoms and, in the western areas, cut by the comparatively 
level and shallow valley of Stillwater River. Bluffs and steep escarpments of rock 
border most of the larger creek valleys. 

Min ing, — None. 

Soil. — Sandy and gravelly loam, here and there bowlder strewn; the loam 
is deep and rich. 

Agricultural adaptahility. — The lands are agricultural wherever irrigation is 
possible. 

Grazing capacity, — The tmct is grass covered throughout where not cultivated. 
It has been badly overgrazed in all localities. 

Drainage c(ynditionH. — Small springs occur here and there. Very little drainage 
originates on the tract. Most of the runs and creeks heading in the township are 
dry during the greater part of the 3'^ear. 

Towns and settlements. — There are no towns in the region; farmsteads occur 
wherever agriculture is possible, particularly in Stillwater Valley. 

Forest and woodland conditions, — The township contains no forested areas. 
The woodlands consist of scattered limber pine and occasional yellow pines, small 
aspen groves and cottonwood along the creek bottoms and around springy places — 
practically merely small wood lots. 

Township 5 South, Range 10 East. 

Topography. — This township comprises a portion of the main Absaroka range 
situated between the drainage of West Boulder River and Yellowstone River on the 
west. It is a rough bed of mountains, chiefly situated above the 9,000-foot con- 
tour, a few of the peaks rising to elevations of 11,200 feet. It is deeply and boldly 
sculptured, and bristles with jagged summits, overhangs, and pinnacles. 

Mining. — None. 

Soil. — Thin, stony, and bowlder strewn. Much of the higher areas are entirely 
devoid of soil. 

Agricultural adaptihility. — The altitude of the township prevents agriculture. 

Grazing capacity. — In all places in the alpine and higher subalpinc areas where 
a soil cover exists the ground is covered with a grassy or sedgy turf. All of these 
tracts are inaccessible for stock. 

Drainage conditions. — The volume of water flowing from the township is large. 
Pai-t o3F it drains into West Boulder River and part into the Yellowstone on the west 
through various small creeks, the waters of which are used for irrigation purposes in 
Yellowstone Valley. 
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Snow and rock slides. — Favored b^' the steep slopes, precipices, and unstable 
conditions of the talus slopes, snowslides and rock slips are of frequent occurrence. 

Tovms and settletnents, — The township is uninhabited. 

Forest conditions. — ^The high elevation of the region is prohibitive to an exten- 
sive development of the forest. Most of the tract is situated above timber line. 
The forest is largely of the pure subalpine type, scattered thinly over the slopes, 
growing in small copses in the hollows among outjutting ledges, and forming more 
or less continuous stands in the bottoms of the larger canyons. The heaviest 
stands of timber in the township occur in the main canyons of West Boulder River 
and on the slopes facing Yellowstone Valley. They are composed of lodgepole 
pine and Engelmann spruce, and in the southwest corner of the township are chiefly 
made up of sapling stands. Small tracts fronting on Yellowstone Valley are 
accessible for logging operations; most parts can not be reached. 

Cutting, — None. 

Burns. — In the aggregate, 450 acres in the western areas. 

Reproduction. — Scanty in the subalpine forest; abundant on the western areas, 
where the lodgepole pine predominates in all the young growth. 

Undergrowth. — Willows, alders, and mountain ash along the streams. The sub- 
alpine forest has little brush growth. 

Litter. — Abundant in the western areas and consisting of dead and down timber. 

Humus. — ^Thin cover of moss on northern slopes. 

Clasgification of lands in T. 6 A, R. 10 E, 

Acres. 

Forested 8,000 

Nonforested .15,040 

Badly burned 460 

Logged None. 

Agricultural None. 

Grazing None. 

Bare rocks and alpine 14, 590 

Total gtand of timber in T. 6 5., R. 10 E. 



Species. 



Mill timber. 



Pole and fuel 
timber. 



Total volume of 
all timber. 



Lodgepole pine 

White-bark pine . . . 

White pine 

Red fir 

Subalpine fir 

Engelmann spruce . 

Total 



FedB.M. 
3,000,000 



50,000 
1,200,000 



2,500,000 



6, 750, 000 



Cubic feet. 
4,000,000 
500,000 



400,000 

900,000 

2,000,000 



7,800,000 



Cubic feet. 

4,540,000 

500,000 

9,000 

616,000 

900,000 

2,450,000 



9,015,000 



ui ^^D^ki 
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C&mposition afforest in T. 5 S., R. 10 E.^ incimihig trees of all species imth basal diameters of 3 incffes and 

upward. 

Per cent. 

Lodgepole pine 60 

White-bark pine 4 

White pine Srattere<l trees. 

Red fir 8 

Subalpine fir ; 15 

Engelmann spruce 13 

Township 5 South, Range 11 East. 

Topography. — The township consists of an extremely rough mass of mountains 
rising to altitudes of nearly 11.000 feet, bristling with peaks, pinnacles, cmgs, and 
overhang, cut by rocky, cliff-bound canyons, the bottoms of which are littered with 
masses of gravel and bowlders. 

Mining, — None. 

SaiL — The soil is thin and barren and is chiefly made up of sand and gravel 
with a thin cover of loam. Large tracts of the alpine and subalpine areas are 
entirely devoid of soil cover. 

Agricidtural adaptability, — There is no tillable land in the township; the entire 
district is nonagricultural. 

Grazing capacity. — A limited amount of pasturage is furnished by small glades 
along the bottoms of the different canyons, and by high alpine and subalpine 
meadows on the summits of the ridges. However, most of the high-lying glades 
and meadows are practically inaccessible for stock and can not be utilized for range 
purposes. 

Drahiage conditions. — The run-off from the township is large, the discharge 
being chiefly by way of West Boulder River. Springs, small creeks, and alpine 
rivulets abound, and the higher peaks retain large banks of snow on their northern 
slopes throughout the summer. 

Snow and rocTc slides. — These are frequent in all parts of the township. Few 
of the slopes have as yet acquired stability; the crests of the ridges are deeply 
fissured, broken, and crumbling, and with the vast amount of overhang existing 
in many places rockslides and landslips are of common occurrence. 

Towns and settleinents. — The region is uninhabited. 

Forest conditions, — Most of the forest is of subalpine type and consists of 
old-growth stands. Up to timber line the ridges bear scattered copses and lightly 
stocked stands of lodgepole pine, spruce, subalpine fir, and white-bark pine, all 
low and limby and, near the timber line, depressed to the stature of shrubs. The 
heaviest stands occur in the valley of the West Boulder and are composed of lodge- 
pole pine and spruce, with red fir on the drier and warmer exposures. The timber 
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in West Boulder Valle}' is accessible for logging, although with some di£Bculty 
owing to the bowlder-strewn condition of the valley bottom. The timber on the 
slopes is inaccessible. West Boulder River can probably be utilized for driving 
purposes early in the season. 

Cutting, — None. 

Burm, — Scattered patches of forest here and there in the valley of West Boul- 
der have l)een damaged by fires of recent date. 

RepnHluction. — At the lower elevations there is enough young growth to 
maintain the present average density of the stands. In the higher subalpine areas 
the reproductive capacity of the forest is low, and the trees show little tendency 
toward spreading into the various grassy, nontimbered glades that break the con- 
tinuity of the stands. 

Undergrmcth, — The bottoms of the West Boulder and its larger laterals bear 
thick and tangled masses of willows, alders, etc. There is little brush growth in 
the stands on the ridges. 

Litter. — The forest in West Boulder Valley' is littered with large quantities 
of dead and fallen timber. Elsewhere in the township the litter is light. 

Humvs, — The forest floor on the western slopes of West Boulder Valley is cov- 
^ ered with a 3 to 4 inch layfer of moss and pine needles. In the subalpine stands 
^ humus is very light or mostly lacking. 



Clarification of lands in T, 5 S., R, 11 E. 



Forested 



Acres. 
7,040 



Nonforested 16,000 

Badly burnt><l , 200 

Logged None. 

Agricultural None. 

Grazing None. 

Bare rocks and alpine 15, 600 

Streams and tarns 200 

Total iitaml of timber in T. 5 S., R. 11 E, 



I^gepr^le pine 

White-hark pine... 

Re<l fir 

Subalpine fir 

Engelmann spruce. 

Total 



Sptrolen. 



I Mill timber. 

Feft B. M. 
5,800,000 



4,000,000 



4,000,000 



13,800,000 



Pole and fuel 
timber. 



Cubic feet. 
7,000,000 
1,000,000 
2,000,000 
2,000,000 
2,800,000 



14,800,000 



Total volume of 
all timber. 



Cubic fed. 
8,044,000 
1,000,000 
2,720,000 
2,000,000 
3,620,000 



17,284,000 
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Oomposilian of forest in T. 6 S., R. 11 E.^ induding trees of all species with basal diameters of S inches 

and upward. 

Per cent. 

Lodgepole pine 60 

White-bark pine 3 

Red fir '. 26 

Subalpine fir 7 

Engelmann spruce 5 

Township 5 South, Range 12 East. 

Topography. — The western and central areas comprise high, rough mountain 
summits, and spurs varying in elevation from 9,000 to 11,000 feet. The spurs are 
long lobes or eastward extensions from the so-called West Boulder Plateau in the 
township adjoining on the west. They are gashed in their fronts by extremely 
precipitous, narrow, rocky canyons, and where they terminate in the valley of 
Boulder River present enormous cliffs and rou^h, boulder-strewn slopes. The 
eastern part of the township contains a portion of the valley of Boulder River, a 
narrow, cliff-bound trough, its eastern declivities consisting of steep talus slopes, its 
bottoms terraced with morainic gravel and bowlder debris. 

Mining, — Here and there in the valley and lateral canyons of Boulder River 
small placers were f oimerly worked. There are prospects on quartz leads in various 
localities throughout the township. No active mining is carried on. 

Mi7ierals. — Gold and copper. 

Soil. — ^Thin, gravelly, and rocky. 

Agricultural adaptahility. — Small tracts in Boulder Valley, in the aggregate 300 
acres, largely patented placer ground, are tillable and are under cultivation. Out- 
side this valley none of the lands are tillable, by reason of their rock}' character and 
altitude. 

Grazing capacity. — The grazing lands in the township consist of small glades 
along Boulder River, fire glades on the rocky slopes fronting this valley, and alpine 
sedge and grass-covered summits of the high spurs in the western areas, in the 
aggregate 8,000 acres. Most of the high areas are accessible only for sheep. 

Drainage conditions. — ^Large volumes of water originate in the high alpine 
and subalpine regions in the western and central areas and discharge into Boulder 
River. The eastern areas of the township shed little water. 

Snow and roch slide. — Frequent in all of the western and central areas. 

Taions and settlements. — No towns; five or six farmsteads in Boulder Valley. 

Forest conditions. — The western and much of the central areas are situated 
above timber line and carry no forest. In the Boulder Valley the timber is 
mostly scattered over the rocky western slopes; small, compact bodies of red fir, 
mixed with lodgepole pine, occur here and there where the lateral canyons 
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enter the valley. In the bottom of the valley the forest was badly burned in 
1882-83, and the present stands consist largely of sapling lodgepole pine, which 
hnn replaced the former growth of red fir. In the extreme eastern portion of 
the township is a burned-over area with occasional patches of very young sapling 
growth of lodgepole pine, and irregular, thin lines of red fir and lodgepole pine, 
which mark the remains of the former old growth. Most of the timber is inac- 
r:*5H»ible for logging operations. It is low, limby, and scrubby, but is valuable for 
iU effect in imparting stability to the slopes and their talus accumulations. 

(JiUivng. — ^The tie makers cutting for the Northern Pacific Railroad in 1882-83 
culled 75 per cent of the accessible timber in Boulder Valley. 

liuTTiM. — Firen dating from 1882-83 have run over most of the forested areas, 
deittroying the timber on 8,900 acres. 

ItejmMbictum. — In Boulder Valley lodgepole-pine stands are slowly reforesting 
tlie burned-ijver arean. On the southern slopes of the valley reproduction is 
generally Hcanty and deficient, most of the burns being bare of young growth. 
Tlie red-fir HtandH on the western slope are gradually gaining in density, while 
along the Hutialpine areas the young growth is thin or altogether wanting. 

fIrulergrfJwtL — Moderate throughout, largely composed of Ceanothus vel/utinus. 

Utter. — Abundant throughout the burned areas, and consisting of dead and 
fallen timlx^r partly consumed by fire or merely fire killed and thrown down by 
wind. There are only small quantities of litter in the gi*een stands. 

IIumuH. — None. 

CUumflcatum of lands in T. 6 S., i?. ii? E, 

Acres. 

For«rted 3,440 

NonforuHted 19,600 

Badly burned 8,900 

I>jt{ged 1,800 

Ajpicultural 300 

Orazing 8,000 

Bare rriokM and alpine 2, 400 

Total stand of timber in T, 6 8., R. li^ E, 



Specien. 



I>Ki(^pole pine 

White-bark pine. . . 

Kedflr 

Hul)alpine fir 

Engelmann spruce . 

Total 



MiU Umber. 



Ftet B. M. 



2,900,000 



600,000 



3,500,000 



Pole and fuel 
Umber. 



Total volume of 
I all Umber. 



CubUfect. 

1,000,000 
300,000 

3,000,000 
400,000 
500,000 



5,200,000 



Cubicfeet. 

1,000,000 

300,000 

3,522,000 

400,000 

608,000 



5, 830, 000 



^ 
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Composition of forest in T. 5 S.^ R. 12 E., including trees of all species with basal diameters of S inches and 

upward. 

Per cent. 

Lodgepole pine 30 

White-bark pine 2 

Red fir . 60 

Subalpine fir 3 

Engelraann spruce 5 

Township 5 South, Range 13 East. 

Topography. — An elevated plateau-like area known as Ea^t Boulder Plateau 
occupies the central areas of the township. Its altitude varies from 10,000 to 11,000 
feet. Its summit is intersected by numerous ridges and depressions, and by the 
shallow canyon heads of great gorges that cut into its sides. In the eastern and 
western portions of the township the plateau breaks off in great cliffs and escarp- 
ments to the canyons of Boulder and East Boulder rivers, rising again on the east 
bank of the latter stream in ridges 10,000 feet in altitude. 

Mining. — None. 

Soil. — Thin, gravelly loam underlaid and mixed with vast masses of bowlders. 

Agricultural adaptahility. — ^The township, owing to its great altitude, contains 
no arable land. 

Grazing capacity. — The summit of East Boulder Plateau, where not too rocky, 
is covered with a sward of alpine sedges and gi^asses. The tract is extremely 
difficult of access, but has been utilized for sheep pasture in former years. 
Outside of the plateau the township has no grazing areas. 

Drainage conditions. — The run-off is large. The tract contains no lakes, but 
springs and creeks are numerous and furnish large additions to the volume of 
water in East Boulder and Boulder rivers. 

Snow and rock slides. — Avalanches and landslips are of frequent occurrence 
along the edges and steep slopes of the plateau. 

Toxcns and settlements. — ^The township is not inhabited. 

Forest conditions. — ^The forest is confined to the eastern areas of the township 
in East Boulder Valley. It consists of lodgepole pine and Engelmann spruce in 
moderately close-set stands, largely old growths. At the brinks of the plateau 
and following the canyon heads into the more level tracts of the table-land are 
thin scattered stands of subalpine forest, mostly composed of spruce and white- 
bark pine. 

Cutting. — None. 

Bums. — Scattered tracts in East Boulder Valley. 

Reproduction. — Moderate and composed of the same species and in nearly the 
same proportions as prevail in the old stands. In the high subalpine forest 
young growth is scanty. 
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Undergrowth, — Sparse. 

Litter, — In the bottoms of the East Boulder, litter is abundaDt. In the sub- 

alpine forest it is light or altogether lacking. 

Humus, — Light. 

Clamficaiion of lands in T. 5 S'., R. IS E. 

Acres. 
Forested 10,000 

Nonforested 13,040 

Badly burned 3,200 

Logged None. 

Agricultural None. 

Grazing 5,800 

Bare rocks and alpine 4, 040 

Total stand of timber in T. 5 S., R. IS E. 



Species. 



Mill timber. 



Fc€t B. M. 
8,000,000 



Lodgepole pine 

White-bark pine 

Subalpine fir i 

Engelmann spruce 15, 000, 000 



Total I 23,000,000 



Pole and fuel 
timber. 



Cubic/eet. 

10,000,000 

900,000 

4,000,000 

6,000,000 



20,900,000 



Total volume of 
all timber. 



Cubie/cet. 

11,440,000 

900,000 

4,000,000 

8, 700, 000 



25,040,000 



Composition of forest in T. 6 S,, R, 13 E.^ including trees of all species with basal diameters of S inches and 

upward. 

Per cent. 
Lodgepole pine 40 

White-bark pine 6 

Subalpine fir 10 

Engelmann spruce 44 

Township 5 South, Range 14 East. 

Topography. — ^The township is situated on the summits and slopes of the 
divide between East Boulder River and the West Fork of the Stillwater drainage. 
It comprises high, rocky ridges, the central summits attaining altitudes of nearly 
10,000 feet. It is cut into by numerous rocky, precipitous canyons, and intersected 
by the West Fork of the Stillwater from southwest to northeast. 

J/i*7? i7ig, — None. 

Soil. — Gravelly and stony. 

Agricultural adaptability. — The tract is essentially a mass of mountains, and 
contains no arable land. 

Grazing capacity. — None. 
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Drainage conditiofis. — Owing to the altitude and position of the township it 
receives large quantities of snow, and the run-off is large. There are no lakes 
nor tarns, but numerous springs and creeks. The tract supplies important feeders 
to East Boulder River and to the Stillwater drainage. 

Snow and rock slides. — Infrequent. 

Towns and settlements. — None. 

Forest conditions. — The forest of the township consists chiefly of lodgepole 
pine in the sapling stage, mixed, at high elevations, with stocky white-bark pine, 
Engelmann spruce, and subalpine fir. .With the possible exception of a small 
tract in the southeast corner in the West Fork of Stillwater Valley, it is practically 
inaccessible to logging operations. 

Cutting. — None. 

Bums. — Very extensive burns dot the township in all directions, but more 
particularly in the northern areas. The fires date back seven or eight years, 
and have made a clean sweep of the timber wherever they burned. 

Reproduction. — The young growth is insufficient to fully stock the forest to 
its ultimate capacity. The burned-over areas are not freely restocking. Lodgepole 
pine is the chief species in the reforestations. 

Undergrowth. — Scant)'. 

Littei\ — There is a large amount of litter, both in the green stands and on the 
burned-over areas. Most of it is composed of fire-killed and unconsumed timber. 

Humus. — None. 

Clamfication of lands in T. S S., R. 14 E, 

Acres. 
Forested 11,240 

Nonforested 11,800 

Badly burned 9, 000 

Logged None. 

Agricultural None. 

Grazing None. • 

Bare rocks 2,800 

Total stand of timber in T. 5 S., R. U E. 



Lodgepole pine 

White-bark pine . . . 

Subalpine fir , 

Engelmann spruce . 

Total 



Species. 



Mill timber. 



Pole and fuel 
timber. 



FeetB.M. 
5,000,000 



3,500,000 



Cubic/eet. 
8,800,000 
1,000,000 
4, 800, 000 
2,000,000 



8,500,000' 16,600,000 



Total volume of 
all timber. 



Cutncfeet. 
9, 700, 000 
1,000,000 
4,800,000 
2,630,000 



18,130,000 



4*,*/ 
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\uni^jtn*.*u of f^/reM in T. & .S'., R. 14 E,, including trees of all species having basal diameters of 3 incftcj* 

and uptvard. 

Percent. 

L/^i^lffAe pine 70 

WhiUf'^jark pine 5 

^uMpiiie fir 10 

Erjjfelnuuin Hpnice 16 

Township 5 South, Range 15 East. 

To/joffrapht/. — ^The northern portions of the township consist of a roiling table- 
land, with numerous small canyons, ravines, and gullies intersecting it in various 
directions. Its altitude varies from 5,000 to 5,500 feet. The central and the 
Houtbem area/i comprise rough, steep mountains which reach altitudes of 9,000 
feet, and through which Stillwater River, West Fork, and Lime Creek have cut 
narrow, terraced canyons and valleys. 

Mining. — There are numerous mineral prospects throughout the central por- 
tions of the township. 

MineraU. — Silver, gold, copper, and lead. 

&nl. — The soil is gravelly loam, generally shallow and bowlder strewn. The 
lowest terraces of Stillwater Valley and of Lime Creek are covered with deeper 
loam, resting on barren gravel deposits. The middle and upper terraces of Still- 
water Valley are made up of coarse and heavy gravel and bowlder drift. 

Agricultural (idaptability. — Where the soil is not too stony and irrigation is 
possible the valley terraces are under cultivation. The mountain slopes and the 
table-land in the northern portion of the district are not arable. 

Grazing aipacity. — The northern and centml areas contain a large acreage of 
nontimtered hlopes and bowlder terraces suitable for grazing purposes, and so 
uned. Most of thi« land is more or less completely inclosed with fences and 
therefore im not overgrazed. 

Drain/ige conditions.— -The outflow originating in the township is of small 
volume. A large amount originating elsewhere flows through it and is exten- 
Hively drawn on for irrigation purjwses. 

Snoi/) and rock didffji. — Infrequent. 

TfrwTiH and HettlernentH. — Ihe farming lands are settled and permanently occu- 
pied. At the junction of Stillwater River with West Fork is the small vUlage 
of Nye, composed of half a dozen houses. 

FornHt crmditionH,—MoHt of the forest is composed of low, subalpine species. 
Nearly one-fourth consists of sapling lodgepole pine. The forest is chiefly confined 
to the western areas of the township, and its most valuable portions are compara- 
tively easy of access. 
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Woodlands. — The woodlands are limited to the northern portion and comprise 
1,500 acres. The stands are thin and scattering, mostly mere lines, small groups, 
or isolated trees, and consist of limber pine, red fir, and a few yellow pines. 

Cutting, — More than 1,500 acres have been cut and culled, mostly in the 
southwest quarter, where a sawmill has been in opei'ation for a number of \'ears. 
The cut amounts to 50 per cent of the original stand. 

Burns. — Extensive and mostly clean-burning tires have destroyed the forest 
on 8,000 acres. The fires date back seven or eight years. 

Reproduction. — Restocking of the burned-over areas has, in most localities, not 
yet fairly begun. The coming growth will l>e lodgepole pine. In the unburned 
timber reproduction is sufficient to maintain the present stands. In the woodlands 
young growth is gradually extending into the grassy areas and will, in course of 
time, cover them with stands of forest. 

Undergrowth. — Scanty throughout; none in the woodlands. 

Litter. — In some of the burns the fire-killed timber is now beginning to fall 
and the litter is rapidly increasing. In the green timber there is only a moderate 
quantity. 

Humus. — None. 



Classification of lands in T. 5 S., R. 16 E. 



Forested 



Acres. 
5,500 



Wooded 1,500 

Nontimbered 16, 040 

Badly burned 8, 000 

Logged and culle<l 1, 500 

Agricultural 2, 000 

Grazing 5, 200 

Bare rocks 840 

Total stand of timber in T. 5 S., R, 15 E. 



Limber pine 

Lodgepole pine 

White-bark pine . . . 

Red fir 

Subalpine fir 

Engelmann spruce . 

Total 



Species. 



Mill timber. 



Pole and fuel 
timber. 



Feet B. if. 



3,500,000 
300,000 



550,000 



Total volume of 
all timber. 



Cubicfed. \ 
250,000 I 

5,500,000 ] 
300,000 I 
200,000 
450,000 j 

2,000,000 I 



4,350,000! 8,700,000 



Cubic feet. 
250,000 

6,130,000 
300,000 
254,000 
450,000 

2,099,000 



9,483,000 
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iXftHiMmtion of jortM in T, 3 H. R. iJ £1« imcimdii^ trt^n ^' all tptcU* with batal diamkften of S inches and 

PercenL 

Limber j»iiH» 1 

Li»dgejK»!e |»iiie "9 

Whiw-biurk v.»iiie 2 

\t»lK>%fc |»iu%» Scattered trees. 

KvUtir 1 

SubAli^iK' fir 8 

bIii|£«Uuuuu !»|>ruc« » 9 

TowNjiiMii* 5 SiHTM, Range 16 East. 

/''/Hv/H</>A^v- Thi^ towii«hi)> coiuiisl!$ of a rolIiDg plateau region 5,000 to 6«000 
'\v^ m altiUKK\ cut Kv uuiueiXHU!^ shAlK>w v^nyons and draws* and* in the northeast 
/v>;uvi\ h\ iht^ \h1K\v \>t Stillwater River, It !;> intersected by low combs and 
' t\i^\^ iiiKl >fc ilh ).>ivcipili>as ^^ar^iei along some of the larger canyons. In the 
vvs^iu^w^t wriior aiv sUvi> miuiutaiu spurs* 

VK'4t/4y. i^o tiiiuiu^ i>^ limiteii to a few prospects of uncertain value, located 

V, . Ihv^ sv>U is ^mvolly and clayey loam. 

**uMi uUi^*iiUHUt*4- Wherever water for irrigation is obtainable and 

>,.*»v.NN *i vlv»^v *^»r i\>U s.Wh not iuterpi^se obstacles the region is arable. The 
% .*. :u4vi w ilw loNMKxhip ma\ be taken in the aggregate at 4,0<)0 acres. 

.. ,.,- -i^i^^rt,, VHitside the tillable lauds the larger portion is essentially 
^..^^ .».vu. ^V hoiv lua tViK^nl the grass-producing capacity of the land is* 
X *x^><iu^ i»iHv'lK*aU\ oxhausted^ owing to overgrazing. 

,.;.;r«^ccv. TIk^ diuiua^jfe originating on the tract is limited to small 

V !4f..,w<,\v, Mo«it of the agricultural lands in the central areas 
. >^ ^- *.v .vcupk*vl Hv farufters. There are no towns or villages. 

I he foivsiteil lauds are situated in the southern areas and 
.. -^ . ,^.»\ vv»m^>0!^?d v»f sapling kxlgepole pine and aspen. 

^ sNiiaiuU »^H.vui* iu >auall tracts throughout the township, the 
- ^.^^ ^. . iii: K^^vlauds^^ of willows* aspens* and cottonwoods, in thin 
^ , \**.vx iUvl oivvk hotloiUfis and, on the uplands, of limber pine. 

.... ,vv ^uKill j»;i"v>up!^ cop6i^ and scattered trees. 

.%> K'cu v'ulltHi over for fuel and fencing material: 25 to 35 

^ . -^.^ ia» ^kn^u tak%)u. 

. ^..>*,.iiuuicr of th^ township 2,0<X> acres, chiefly covered 
^ ^ . . -.>%;uiN. ^iavc »K^n Inirned over within recent years. 
^ - ,\ *.^aouu rhe burns are scarcely reforesting. 

. ^ .. iU>ug I he streams; none on the uplands. 
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Litter. — None, or but trifling amounts. 
HurnvAi. — None. 

Clasnjicaticni of lands in T,5S.y R. 16 E. 

Acres. 

Forested 1,000 

Wooded 3,000 

Nontimbered 19,040 

Badly burned 2,000 

Logged and culled 4, 000 

Agricultural grazing 17, 040 

Total stand of timber (pole and fuel) in T. S S.y R. 16 E. 

Cubic feet. 

Liinberpine 200,000 

Lodgepole pine 120, 000 

Yellow pine 100, 000 



Total 420,000 

Composition of forest in T. 6 S., R. 16 E.<, including trees of all species tmih basal diameters of S inches and 

upward. 

Per cent 

Limber pine ^ 1 

Lodgepole pine 70 

Yellow pine Scattered trees. 

Red fir 10 

Aspen and cottonwood 19 

ComposUion of the woodland growth in T. 5 »S., R. 16 E., including trees of all species with based diameters of 

S inches and upward. 

Per cent. 
Limber pine 60 

Yellow pine 10 

Red fir 30 

Township 5 South, Range 17 East. 

Tapography. — This townsliip consists of a rolling, upland region, with long 
ridges and swells, irregular hillocks of bowlder drift, and broad levels intersected 
by shallow creek bottoms. 

Mining, — None. 

SoiL — Deep, clayey loam in the valleys and creek bottoms, thin on the ridges 
and steeper slopes. Much of the southern portion is covered with coarse gravel 
and bowlders. 

Agricultural adaptability. — Most of the creek bottoms are tillable. The uplands 
could be cultivated in many localities were water for irrigation obtainable. 
9574— No. 29—04 o 
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Grazing capacity. — All of the region not under cultivation has a grazing value. 
Most of it has been badly overgrazed in the past, and its present pasturage value 
is low. 

Drainage cfmditiom. — The run-off which originates on the tract is insignificant 
in volume. West Rosebud and Fishtail creeks flow across portions of the town- 
ship. These streams and a number of smaller creeks are utilized for irrigation 
purposes. 

Towns and HettlementH, — Farmsteads are scattered throughout the township on 
the agnoaltural lands, mostly in the western areas. There are no towns. 

Forest and woodland conditions, — The township contains no forested area8. 
The woodlands are mostly confined to the western areas and are found along 
creeks and here and there on the northern slopes of the ridges. Limber pine, 
yellow pine, aspen, cotton wood, and willow make up the growth, which is thin 
and scattering. 

Cutting. — All of the woodland area has been cut and culled over for local 
farm uses. The cutting has extended over a period of twenty to twenty-five years 
or longer, and, as nearly as now can be determined, amounts to 50 per cent of 
the original stand. 

Bums. — None. 

Reproduction. — Aspen and cottonwood abundant. Seedling and sapling growths 
of coniferous species are nearly lacking. 

aassification of lands in T. 6 S,, R. 17 E, 

Acres. 
Forested None. 

Wooded 3,200 

Nontimbered 19, 840 

Badly burned None. 

Logged and culled 3, 200 

Agricultural grazing 19, 840 

Total stand oftimbef' {poU and fuel) in T. 5 S., R. 17 E,. 

Cubic feet, 
limber pine 1, 000, 000 

Yellow pine 380, 000 

Aspen and cottonwood 400, 000 

Total 1,780,000 

Composition of the tooodland arborescent growth in T. 5 S.j R. IT E., biduding trees of all species with basal 

diameters of S inches and upward. 

Per cent. 
Limber pine 8 

Yellow pine 1 

Aspen and cottonwood '. 91 
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Township 6 South, Range 10 East. 

Topography, — The township lies almost entirely in the Mill Creek drainage. 
The northern areas comprise high ridges, with elevations up to 10,000 feet, cutting 
oflf the Mill Creek drainage from the tracts which slope into Elbow Creek Basin. 
The remainder of the township is xiomposed of the wide canyons of North, Mid- 
dle, and Mill creeks, and of the divides separating the two streams. 

Mining. — Portions of the lower areas of Mill Creek Basin are mineral bearing 
and contain scattered prospect holes. No active mining is carried on. 

Minerai^. — Said to be gold and copper. 

Soil, — Usually thin and of no great fertility. The surface is covered with a 
loamy mixture. 

Agricultural adaptability, — The township contains no tillable land, being too 
stony and mountainous for agriculture. 

Grazing eapaelty, — The grazing areas consist wholly of small glades along Mill 
Creek forks, not properly grazing lands. 

Drainage conditions, — The township contains the principal waterheads of the 
Mill Creek drainage, and the outflow is large and continuous. The water is used in 
the Yellowstone Valle}^ to some extent for irrigation. 

Sncw and rock allA^s, — Most of the slopes in the basin have acquired a certain 
degree of stability, and slides either of snow or rock ai-e not frequent. 

Towns and settlements. — None. 

Forest conditions. — The Mill Creek basins are well stocked with forest, chiefly 
lodgepole pine of middle age or large sapling stands. On the southern slopes along 
the main canyons the stands are rather open and scattered, with red fir as the leading 
species in their composition. At the highest altitudes the growth is largely com- 
posed of spruce, with ^^oung sapling stands of lodgepole pine marking burns of 
recent years. As a i-ule, most of the growth is too small for mill timber, and is 
difficult of access owing to the narrow and rocky character of the main qanyon of 
Mill Creek in the township adjoining on the west. 

Cutting'. — None. 

Bums. — None. 

Reproductum. — Young growth is abundant in most places. As a rule the 
lodgepole-pine stands and those chiefly composed of spruce are stocked so closely 
that further additions to the density of the stands are impossible. 

Undergrowth. — Sparse. 

Litter. — Litter, composed of timber killed by overcrowding, is abundant in 
all the closely stocked stands. In the subalpine stands there is a scarcity of such 
material, and the forest is clean and open. 

Ilumus. — In the canyons and on the northern slopes a thin moss cover on the 
forest floor constitutes the humus. On the southern slopes this cover is lacking. 
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Clasgijicaium of lands in T. 6 .S., Ji. 10 E. 

Acres. 

Forested 16,540 

Nooioreeted 6, 500 

Badly homed None. 

Loggsed None. 

Agriculmral None. 

Grmzini; None. 

Bare rocks and alpine 6, 500 



Total ttand of timber in T. 6 S., R. JO E, 



Species. 



Mill Umber. 



Pole and fuel 
timber. 



1 Feet B. M. 

Lodgepole pine 30, 000, 000 | 

White-bark pine ; 

Red fir ' 6,000,000 

Suhalpine fir j i 



En^lmann spruce . 
Total 



10,800.000 ' 



CuMc/eet. 

35,000,000 
2,000,000 
5,200,000 
5,500,000 
6,000,000 



Total volume of 
all timber. 



Cubiejeet. 

40,400,000 
2,000,000 
6,280,000 
5,500,000 
7,944,000 



46, 800, 000 ; 53, 700, 000 62, 124, 000 



Comjxmtion of fareM in T. 6 6'., R. 10 A\, inchtding trees of all species tnth basal diameter9 of S inches and 

upitxird. 

Per cent. 

Lodgepole pine 60 

White-hark pine 5 

Red fir 7 

Suhalpine fir 10 

Engehnanii spruce 18 

Township t> South, Ranuk II East. 

ToiHfgraphy, — ^The oeutml arenas of the township cK>nsist of a section of the 
main range of the Alwaroka Mountains, fornung the divide between Mill Creek 
and Boulder River Imsins. The ridges attain altitudes of 11, (HX) feet, and abound 
with peaked and ci-aggy crests. The easttu'u area eoniprises bowlder-littered 
canyons, opening into the niahi valley t»f lioulder River, and separated by rough- 
crested, narrow, and precipitous ridges. The wtHstern artm is of similar character, 
the canyons forming in part the northern and centnil water heads of the Mill 
Creek drainage. 

JUimn</, — None. 

Soil.— The soil is thin and rot^ky. In the for4^Htecl aitMis it is enriched by a 
topping of loam and mold. Most of the tract is thit^kly stn^wn with lH>wlders. 
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Agricidtxiral adaptahility. — None of the lands are tillable. They are too stony 
and are situated at too hi^h altitudes to be available for agriculture. 

Grazing capacity. — ^The ti-acts which lie above timber line have a small grazing 
value. The}' are inaccessible except to sheep. 

Ih^aino/ge conditions, — ^The tract sheds a large volume of water, owing to its 
extensive areas of alpine and subalpine country. Springs, marshy tracts, and 
rivulets are numerous throughout. 

Snmo and rock slides, — In the central areas avalanches of snow and rock are of 
frequent occurrence. In other parts they are uiu^ommon, or are altogether absent. 

Towns and settlements, — The township is not inhabited. 

Forest conditions, — The centml areas, lying mostly above timber line, contain 
no forest. In the eastern areas stands of the subalpine type, well stocked, form 
most of the timber on the slopes, while lodgepole pine, 100 to 175 years old, nuxed 
with a small proportion of spruce and subalpine fir, cover the bottoms of canyons 
where not too rocky for timber growth. In the western areas the stands are wholly 
of the subalpine type, spruce being the leading species. 

Cutting, — None of the tract has been cut over. 

Burns, — None. 

Repi'oductioii, — Scanty in the forest of the pure subalpine type. Young growth 
in the lodgepole pine stands at the lower elevations is of moderate volume, sufficient 
to maintain a full stocking of the forest. Most of the 3'oung growth consists of 
spruce; the lodgepole pine, which represents reforestation after ancient fires, is 
evidently giving way to that species. 

TJndergroioth, — Huckleberry bushes and honeysuckle form most of the brush 
growth at lower altitudes. In the subalpine stands underbrush is scanty. 

Littei*, — The lodgepole pine stands are littered with large quantities of dead and 
fallen timber, killed by crowding. The subalpine stands contain little dead timber. 

Humus, — A thin layer of moss and pine needles forms the humas in the 
lodgepole-pine forest. The subalpine stands have no humus cover. 

Classificalion of lands m T. 6 S,, R, 11 E. 

Acres. 
Forested 10,000 

Nonforested 13,040 

Badly burned None. 

Logged None. 

Agricultural None. 

Grazing S, 000 

Bare rocks 5, 040 



70 AB8AR0KA* DIVISION OF YELLOWSTONE FOREST RESERVE. 

ToUd iland of timber in T. 6 *9., R, 11 E, 



SpeciM. 



Lodgepole pine 

White-bark pine . . 

Babalpine fir 

Engelmann ffpruce . 



Total. 



Mill Umber. 



Pole and fuel 
timber. 



FddB.M. 
20,000,000 



8,500,000 



28,500,000 



I 



Total Yolame of 
all timber. 



Cubic/eet. 

15,000,000 
1,000,000 
3,000,000 
5,000,000 



24,000,000 



CwMcfeel. 

18,600,000 

1,000,000 

3,000,000 

6,530,000 



29,130,000 



fJlompotUUm of /oreM in T. 6 S,y IL 11 E., including trees of all species with basal diameters of S indies and 

upward. 

Per cent 

IxxJg<;fiole i>ine 80 

WhlUi-ljark pine 2 

KuljalpIiMi fir 6 

Kntftf liiianii iipnice 12 

Township 6 South, Range 12 East. 

ToiMt^raphy, -The eastern half of the township consists of a barren, rocky mass of 
\\Mi\i\\\^\\\^ MtUinini^ i*lovation8 of 11,500 feet; the western half comprises long spurs 
|>nij*fi;Mf»tf w*^*twiird from the main i*ange of the Absaroka Mountains. Between the 
i»|mr« 11^ <U<**|» I'rtfiyonH lltUired with glacial gravel and bowlder drift. Through the 
i'm\ki\ $ft M»t< U'mi riiim Boulder River in a deep, rocky canyon. 

Mlfflftf/, ll^tv mul there in the valley of Boulder River are placer locations. 
Hum »rw wni'kwl rif prt^^init. 

Mull, iJmvwIly l<M4Mi, with the surface littered with bowlders. 

AyvhultHfUil atlfiptahlllty. None of the lands are aiuble. 

Umsilhii iHtfuh^tty, TIh^ ifrazing areas are limited to small glades and wet 
M»<m4inw« wJMMtf HouMmi' HIv«m' and to summits of the ridges in the east half of the 
lnWM«liJp« TIm\v wt'»^ liMiwIly above timber line and are not easily accessible. 

hniimii/t^ rofuftfmm, Thn outflow from the township is large and supplies one- 
half ny iiiMi'M iif UiM vohutin of watiM* In Boulder River at this point. 

yirimii tiiul ni^Uhmimtn. - Nimr the nouth end of the township, in Boulder Valley, 
\h li Hort of HUIUMMM* ri^MM'f lIlrkH Park, by name— occupying a small glade on the 
east Hidii of tliM rlviM'. Thi^re In no other settlement in the township. 

Siimt^ anil mrk ^/fVA'i*.- Avalanches are common along the steep slopes which 

bonh^r BouldiM* Valley. 

Fnr^^f vomUtinm. Boulder Valley and the canyons entering from the east are, 
as a rule, llghtiv forented. The valleys on the west side of the I^ulder carry 
close-set stands of forest. lodgepole pine and Engelmann spruce fonn the bulk of 
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the stands. All ages between 50 and 200 years are represented. At the higher 
elevations subalpine fir and ypruee constitute the forest. On the rocky slopes of 
Boulder Canyon red fir, mostly of short, limby growth, is abundant. 

Cutting. — Tie cutters of the Northern Pacific Railroad cut and culled 50 per 
cent of the timber in the valley in 1882-83, since which time miners have cut an 
additional 10 or 15 per cent. 

BuvjiJ*. — The eastern portion of the valley has experienced severe and exten- 
sive burns in the last twenty years. The western has very nearly escaped. 

Rep7*oducti(m. — Restocking of the burned-over areas is as yet slow and deficient. 
Most of the forest in the bottoms of the canyons and on the lowest slopes outside of 
Boulder Valley is composed of fully stocked stands, and the 3'oung growth in 
these localities is scanty. 

Undergroxoth, — The growth is light and consists chieflj' of huckleberry' and 
Ceanothus, 

Litte7\ — There is a very large amount of dead and fallen timber throughout 
the forest — partly unconsumed debris from former fires, partly trees killed by 
crowding. 

Huf/ius. — A thin layer of moss and decaying pine needles covers the forest 
floor in most of the older stands, especially in the canyons on the west side of 
Boulder River. In other localities humus is lacking. 

Classification of lands in T. 6 *S'., R, IS E, 

Acres 

Forested 12,540 

Nonf orested 1 0, 500 

Badly burned 3,000 

Logged 1,500 

Agricultural None. 

Grazing 2,500 

Bare rocks 5,000 

TokU stand of limber in T. 6 S., R, 12 E. 



Species. 



Mill timber. 



F^H B. M, 

Lodgepole pine , 16, 000, 000 

White-bark pine 

Red fir j 6,000,000 

Subal pine fir 

Engelmann spruce ' 10, 000, 000 



Total 32,000,000 



Pole and fuel 
timber. 



Cubic/ect. 

15,000,000 
2,000,000 
8,000,000 
5,000,000 
5,000,000 



35,000,000 



Total volume of 
all timber. 



Cubic/eel. 

17,880,000 
2,000,000 
9,080,000 
5,000,000 
6,800,000 

40, 760, 000 
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Compfmtion of forest in t. G S., R. 12 AJ., including trees of all impedes with basal diameters of 3 inches 

and upward. 

Per cent. 

I^dge}>i>le pine 60 

White-bark pine 2 

Red tir 15 

Sulwlpine lir 8 

Kngehnanii spruce 15 

Township South, Range 18 East. 

Topography, — The township comprises alpine and subalpine areas, niostl}^ above 
the lO,()00-f()ot contour. It is rocky and barren throughout, cut by numerous 
creeks and canyons and dotted with lakelets and tarns. 

Mh} uuj, - - None. 

*NV>//. — Gi^avelly, stony, and the surface excessively rocky and bowlder strewn. 
Much of the tmct, especially in the central areas and along the west line, has no 
soil cover. 

AgriiniltvraJ (fdtiptahllity, -TYiC; township contains no tillable land. 

(TTazing capacity, -All of the alpine and subali)ine areas are covered with grass 
and sedge wherever a soil cover exists, and are capable of furnishing a small 
amount of pasturage. The tract is, however, practically injiccessible to any kind 
of stock except sheep. 

Drainage conditions, — Lakelets, tarns, and marshy ?^as, with which the tmct 
is liberally supplied, act as natural reservoirs and regukHe the flow of Boulder 
and East Boulder rivers, the streams that carry most of "l^e outflow from the 
township. 

^)vow and rock slide's, — Common in the central areas along the ck:iyon of East 
Ik)ulder River. 

Toimts and settl^nents, — None. 

Ffyreat conditions, -Most of the tract is situated above timber line and there- 
fore carries no arborescent growth. Small areas of forest are situated in the 
lK)ttoms and on the lower slopes of East Boulder Canyon and in ravines along the 
west line of the township. The trees are strictly a high subalpine type, of no value 
except for fuel, and are practically inaccessible from the outside. 

Cutting. — None. 

Bums. — Along the west line of the township <>00 acres have been burned over 
in recent years and the timber totally destroj^ed. 

Rej/roduction. — Reproduction is deficient throughout the township and is scarcely 
heavy enough to maintain the present density of stands. There is no restockage in 
the burns. ^ 

rndergroirth . — Light. 
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Litter. — In the biinied-over areas there is a small amount of unburned woody 
debris of the former forest; elsewhere litter is light or wholly lacking. 
HumvJi, — None. 

Classification of lands in T. 6 S., R. IS E. 

\CTes. 
Foresteil 3, 000 

Nonforested 20, 040 

Badly burned 600 

Logged None. 

Agricultural None. 

Grazing 1 2, 600 

Bare rocks 4, 800 

Tarns and streams * 2,0t0 

Total stand of timber {pole and fuel) in T. 6 S., R. IS E. 

Cubic feet. 

Lodgepole pine 1, 000, 000 

White-bark pine 500, 000 

Subalpine fir *. 1, 500, 000 

Engelmann spnice 2, 800, 000 

Total 5,800,000 

Composition of forest, in T. 6 S, , R. IS E. , inchuiing trees of all species ivith basal diameters of S itiches and 

upward. 

Per cent 
Lodgepole pine 10 

White-bark pine 9 

Subalpine fir 30 

Engelmann spruce 51 

Township 6 South, Range 14 East. 

Topography. — The township consists chiefly of high mountains, rising to 
altitudes of above 11,000 feet, breaking oS. along the east line with steep slopes and 
scarps to the canyon of Stillwater River, and broadening on the west into the wide 
summit of I^ake Plateau in the adjoining township. 

Mlnhuj. — Prospects merely, situated along Stillwater Valley. 

MineraU, — Copper is said to occur. 

8oiL — Stony and gravelly throughout. 

Agricultural adaptability, — None of the lands in the township are tillable. 

Grazing capacity, — Portions of the high western areas of the township, in all 
12,000 acres, are covered with a more or less continuous turf of low alpine sedges 
and grasses suitable for pasturage. The tracts are diflicult of access and are not 
pastured. 

Drainage c<m(litioiis, — Small creeks, rivulets, and springs are abundant. Tarns 
and lakelets occur here and there at the head of the creeks in the western portions 
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Composition of foreti in t. S., R. 12 E., including trees of nil species icilh basal diameters of 3 inches 

find npiiyird. 

Percent. 

I»dgep<)le pine 60 

White-bark pine 2 

Red fir 15 

Suhalpine fir 8 

Kngelinann npnice 15 

Township (> South, Rancse 18 East. 

Topixjrnphy, — The txjwnship comprises alpine and subalpine areas, mostl}'^ above 
the lojM)i)-fcK)t <*ontoiir. It is rock}' and l>arren throughout, cut by numerous 
creeks and canvons and dotted with lakelets an<l tarns. 

Mhi Imj. — None. 

Soil. — (jravelly, stony, and the surface excessively rocky and bowlder strewn. 
Much of the tract, especially in the (central areas and along the west line, has no 
rtfjil cover. 

Agrwnltural adftptaJnlity, — The township <*ontains no tillable land. 

Grazuifj cujxiclty. — All of the alpine and suhalpine areas are covered with grass 
and sedge wherever a soil cover exists, and are capable of furnishing a small 
amount of jiasturage. The tract is, however, practically inaccessible to any kind 
r»f stock except sheep. 

I}ra!/n/i(je cmuUtiouH, — Lakelets, tarns, and marshy areas, with which the tract 
i-» lilKfrally supplied, act as natural reservoirs and regulate the flow of Boulder 
and Knst Ik>ulder rivers, the streams that carry most of the outflow from the 
towfiHhip. 

Smnn and rtpck sluJUji, — Conunon in the central areas along the canyon of East 
l(<Milder Kiver. 

'l)nmiH and HMUmentn, — None. 

Forent candlthniH. -Most of the tra(»t is sitiuited above timber line and there- 
fore ('urries no arlK>rescent growth. Small areas of forest are situate<l in the 
hottoniN and on the lower slopes of East Boulder Canyon and in ravines along the 
wi^Ht line of the township. The trees are strictly a high subalpine type, of no value 
iixr«»pt for fuel, and are practicalh' inaccessible from the outside. 

iUiiiimj, — None. 

lUtniH, —Along the west line of the township 6<X) acres have been burned over 
Ml rcMMint yiiars and the timber totally destroyed. 

Ht'produciioti. — Reproduction is deficient throughout the township and is scarcely' 
h««HVV iinougli to maintain the present densit}' of stands. There is no restockage in 
(hM huruM. ^ 

/ 'hdf'rijrmHh. — Light. 
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Litter. — In the bumed-over areas there is a small amount of unburned woody 
debris of the fonner forest; elsewhere litter is light or wholly lacking. 
HumvH, — None. 

Clamjicalion of lands in T. 6 S., R. IS E. 

Acres. 

Forested 3, 000 

Nonforested 20, 040 

Badly burned «00 

Logged None. 

Agricultural None. 

Grazing 1 2, 600 

Bare rocks 4,800 

Tarns and streams 2, OK) 

Total stand of timber {pole and fuel) in T. 6 S.y R, IS E, 

Cubic feet. 

Lodgepole pine 1, 000, 000 

White-bark pine 500, 000 

Subalpine fir *. 1, 500, 000 

Engelmann spruce 2, 800, 000 

Total 5,800,000 

Composition of forest in T. 6 S.^ R. IS E., including trees of all species with basal diameters of S inches and 

upward. 

Per cent. 
Lodgepole pine 10 

White-bark pine 9 

Subalpine fir 30 

Engelmann spruce 51 

Township 6 South, Range 14 East. 

Topography, — The township consists chiefly of high mountains^ rising to 
altitudes of above 11,000 feet, breaking off along the east line with steep slopes and 
scarps to the canyon of Stillwater River, and broadening on the west into the wide 
summit of Lake Plateau in the adjoining township. 

Hininy, — Prospects merely, situated along Stillvrater Valley. 

Minerals, — Copper is said to occur. 

aSw7.— Stony and gravelly throughout. 

Agricultyral adaptahility. — None of the lands in the township are tillable. 

Grazing capacity, — Portions of the high western areas of the township, in all 
12,000 acres, are covered with a more or less continuous turf of low alpine sedges 
and grasses suitable for pasturage. The tracts are difficult of access and are not 
pastured. 

Drainage conditions. — Small creeks, rivulets, and springs are abundant. Tarns 
and lakelets occur here and there at the head of the creeks in the western portions 
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of the township, and snow remains on a few of the high northern slopes throug'h 
the s^oininer. 

Snmc and rock slides. — Frequent along the steep breaks to the Stillwater 
Canjofu 

TfJ^ms and settlements. — None. 

Fnreai conditions. — WhoUj' subalpine. The stands occur in scattered bodies 
of Ismail extent along the breaks to Stillwater Canyon and as narrow fringes 
bordering the creeks. Most of the areas in the township are situated at or well 
above timber line and carry no arborescent growth. 

^^iMing. — None. 

Bams. — None. 

Rt^prmintction. — Owing to the high altitude the reproductive capacity of the 
U)rr!4( i» luw« and the young growth is insufficient in amount to stock fully the 

rruter^netA. — Willows, alders, and the like, small in amount. 
IJitfr. —Light. 

/(Hmm. — N<me. 

aamifioaium of lands in T. 6 S., R, U E. 

Acres. 

v^^k^^m^ 6,600 

NiUtKinwtvU . 17,440 

'mUlv ^»iar*W. None. 

' '•HIK^ None. 

\*^i*vulmHii - None. 

•.i«u^*% 12,000 

!uuv iv%^W - 6,000 

• HiiAri. tktHi '^ H ^iMO i i'^ 440 

f^mi mmi *ii^* timber (pole andfud) in T, 6 S,, R. U E, 

Cubic feet. 

' '»^^V4iV-^V i**A»^ ^» ^^> ^^ 

>v Jmk l»**»iw J'^Um 1,500,000 

.,:»,^;i«ii»v "• 800,000 

' '•*\ ""U** i'AU^v 2,000,000 

i,»4^: 6,300,000 

. ' " 'V«t '^i ii K^ ^i¥}^i^Jling trus of aU species with basal diameten of S inches and 
g urn a r d. 

Per cent. 
. . ., 25 

25 

20 

30 

luv^vu^ '*. SM^irtfc^ Range 15 East. 
> »*v ^ ••'.'< '^'Jl ^J^^ifeV"^ iMTWis of the township comprise high, 
'» s ^ Aj v^u^. I ^viM '^^^ ^^ IKiXK) feet, abounding in precipices 
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and steep declivities. The western quarter of the township is cut by the canyon of 
Stillwater River, which is 3,CM10 to 3,500 feet below the summits of the inclosing 
ridges, whose slopes rise steep and precipitous from the narrow cliflf-bound valley 
of the stream. The eastern areas are traversed by Rock Creek Canyon, a narrow 
rift between towering walls of rock. 

Mining. — None. 

Soil, — Thin, stony, and gravelly, with small admixtures of loam. 

Agricultural culaptability, — None except a few small tracts in the Stillwater 
bottoms, 350 acres in all. 

Grazing capacity. — None. 

Drainage conditions, — The run-off is of moderate volume and is carried b}^ 
Stillwater River and Rock Creek, both of which are utilized for irrigation purposes 
on lands situated in townships adjoining on the north. Many of the high northern 
slopes carry banks of snow throughout the summer. 

Snoio and rock slides, — Frequent along the steep breaks of Stillwater River 
and Rock Creek. 

To^ons and settlements, — No towns exist in the region. There are two or three 
farmsteads in Stillwater Valley. 

Forest conditions, — The forest is chiefly of the subalpine type. It occurs in 
thin, scattering stands on the rocky slopes and in small compact bodies here and 
there on the summits of the lower and broader ridges'. It contains little mill 
timber, all of very inferior quality and mostly inaccessible. It is chiefly valuable 
as a factor in insuring stability of slope. • 

Cutting, — Small quantities in Stillwater Valley have been cut for farm uses. 

Burns. — Tracts in the northern areas (400 acres) have been burned over within 
the past seven or eight years. ^ 

ReprodiirCtion. — Low throughout, generally insufficient to maintain or increase 
the present stands. 

TJndet^growth, — Scanty; mostly composed of low-growing huckleberry shrubs. 

Littei\— On the burned-over areas the litter, consisting chiefly of the uncdn- 
sumed trees, is moderately abundant; elsewhere its amount is trifling. 

Humus, — None. 

Clamfication of lands in T. 6 S.^ R. 15 K * 

Acres. 

Forested 9,100 

Nonforested 13, 940 

Badly burned 400 

Logged None. 

Agricultural 350 

Grazing None. 

Bare rocks and alpine areas 13, 100 

Lakes, tarns, and streams 90 
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Total stand of timber in T. 6 S., R. 16 E. 



Species. 



Lodgepole pine 

White-bark pine . . . 

.Sabalpine fir 

Kngelnriann spruce . 

Total 



Mill tIraUT. 



Fed, B. M. 
1,0CK),000 



500,000 
1,500,000 



Pole and fuel 
timber. 



Cvbicfett. 
2,500,000 
1,500,000 
1,400,000 
600,000 

6,000,000 



Total volume of 
all timber. 



CtOncfeet. 

2,680,000 

1,500,000 

1,400,000 

690,000 



6,270,000 



Ormpomiion offorent in T. 6 S.^ R, 15 E.j including trees of all species with basal diameters of S inches and 

upward. 

Per cent. 

Lodgepole pine 34 

White-hark pine 28 

Bubalpinefir 30 

Engelmann tjprace 8 

Township 6 South, Range 16 East. 

Topography. — The southern areas of the district comprise rough mountains 
rising to altitudes of 12,500 feet, bristling with crags and rocky, inaccessible 
heigbtii. In the central areas are the northern fronts and spurs of this mass of 
mountains, which, in the northern end of the township, sink into a narrow fringe 
of foothill countr3\^ 

Mirting, -None. 

AVyt/.— Sand, gravel, and bowlders, with thin toppings of loam. 

Agrandtural adaptability, — None; the land is too stony, its slopes too steep, 
and its altitude too great for agriculture. 

Grazing cMpa/rity, — The grazing lands consist of ancient fire glades situated 
in the northern i>art of the township that have failed to restock. 

iJrain/i/je crmditu^fTiM.— The township in part forms the water head of Fishtail 
Creek, l>eftideH giving rise to numerous smaller streams. A large amount of run-off 
originates in its high southern areas. The northern slopes situated above the 
10,5<X)-foot level carry banks of snow throughout the summer. 

Sru/tjD and rock nlides. —Not infrequent in the upper portions of Fishtail Canyon. 

Towna and settlements. — None. 

Ffyrest conditions. — ^The foothills and lower portions of the central areas are 
stocked with exceedingly close-set sapling stands of aspen and lodgepole pine — 
reforestations after fires that occurred thirty to fifty years ago. The higher slopes 
bear low and scrubby stands of subalpine species, and scattered patches of old- 
growth lodgepole pine at middle elevations. 
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Cutting. — For domestic use, fuel and fencing, the dead and fallen timber on 
1,500 acres has been more or less completely removed. 

Bui^HS, — A large tract in the southeast and another in the northwest corner of 
the township have been burned over and the tnnber thereon entirely destroyed. 

Rejyroihiction. — The sapling stands of lodgepole and aspen at the lower eleva- 
tions are fully stocked, and any further seedling growth there is impossible. The 
burned-over areas are not reforesting, or but very scantily. In the subalpine stands 
3'oung growth is sparse. 

Undei^groioth, — In the forested areas there is very little underbrush. On the 
burns Ceanothus and other shrubs are springing up profuseh'. 

Littei', — Light. 

Hum us, — None. 

ClcufsiJiccUion of lands in T. 6 S., R. 16 E. 

Acres. 
Forested (sapling stands, 9,000 acres) 13, 040 

Nonforested 10, 000 

Badly burned 3, 000 

Logged None. 

Agricultural None. 

Grazing 2, 000 

Bare rocks 6, 000 

Total stand of timber in T. 6 S., B. 16 E. 



Lodgepole pine 

White-bark pine. . . 

Subalpine fir 

Kngelmann spruce . 

Total 



Species. 



Mill timber. 



2,500,000 



1,200,000 



3,700,000 



Pole and fuel 
timber. 



Total volume of 
all timber. 



fhibic/eet. 
3,000,000 
500,000 
2,300,000 
1,000,000 



I 



6,800,000 



Cubic/eet. 

3,450,000 

500.000 

2,300,000 

1,216,000 



7,466,000 



Composition of foretd in T. 6 S., R. 16 E., indudiyig trees of ail species vnth basal diameters of S inches and 

upward. 

Per cent. 
Lodgepole pine 62 

White-bark pine 8 

Subalpine fir 14 

Engelmann spruce /. 14 

Aspen and cotton wood 2 
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Township 6 South, Range 17 East. 

Topography. — The township consists of a rolling foothill region in the northern 
and east-central areas, having an altitude of 5,500 to 6,000 feet, and of rough, rocky 
mountain spurs in the remainder. The more northern and eastern foothills are low 
and gently rolling; the western rise to long combs and swells separated by wide 
canyons with gentle slopes. 

Mining, — None. 

Soil. — Deep loam in the creek bottoms; thin, gravelly, and excessively strewn 
with bowlders on the uplands. The central areas throughout, and the lower slopes 
and valleys in the southern, are deeply buried under a mantle of bowlders. 

Agricultural adaptability. — The creek bottoms in the central and northern 
areas are arable and generally cultivated. The uplands are mostly too stony for 
agriculture. 

Grazing capa/yity. — The uplands in the central and northern areas are grazing 
lands. Where not under fence they have been excessively overgrazed. 

Drainage conditions. — The outflow originating in the township is of small volume 
and has its rise in various small springs. West Rosebud Creek carries most of the 
drainage of the township. Its waters are used for irrigation. 

Snow and rock slides. — These occur only in the southwest corner of the town- 
ship and are not of frequent occurrence. 

Tovms and settlements. — ^The agricultural lands are occupied. There are no 
towns or villages in the township. 

Forest conditions. — Formerly the extreme southern and most of the western 
areas were forested. Fires have swept the timber out of existence, with the 
exception of 1,000 acres in the valley of West Rosebud Creek. The stands on this 
tract consist of thin lines of scrubby yellow pine and red fir, with small proportions 
of limber pine and a low growth of aspen. 

Woodlands. — Before the advent of white settlers about one-half of the town- 
ship was covered with a scattering growth of lodgepole pine, limber and yellow 
pine, and large, compact aspen stands. Cutting has diminished the woodland area 
and thinned the stands, until only 2,000 acres remain that bear timber enough to 
be classed as woodland. The growth is everywhere thin and scrubby. 

Chitting. — ^The entire township, with the exception of small tracts along the 
south line, has been culled over. Systematic cutting is confined to the lower foot- 
hills and to the valley of the West Rosebud, where 50 per cent has been cut out. 
Most of the timber taken has Iteen fuel and pole stuff; the valley has, however, 
supplied saw timber. 

Bums. — ^The foothills in the central areas and all of the southern tracts have 
been badly burned over and the timber on them almost totally destroyed. The 



TOWNSHIP DESCRIPTIONS. 79 

foothills carried stands chiefly composed of aspen; the mountain areas were clothed 
with lodgepole pine. 

Reproduction, — The burned-over forest lands are reforesting ver}' slowly, and 
the young growth is largely composed of aspen at the lower elevations, and of 
lodgepole pine at the middle and the highest altitudes. In the woodlands aspen 
is almost the sole component in the young growth. 

Imdergrawth, — Thin and low. 

Litter, — Light. 

Hurmi4i. — None. 

Classification of lands in T. 6 S., R. 17 E, 

Acres. 
Forested area 1, 000 

Woodland area 2, 000 

Nontimbered area 20, 040 

Badly burned 7, 000 

Logged 1,500 

Agricultural (grazing ) 13, 040 

Total stand of timber in T. 6 S., R. 17 E. 



Limber pine 

Lodgepole pine . 

Yellow pine 

Red fir 



species. 



Mill timber. 



Feet B. M. 



80,000 



Aspen and cottonwood . 
Total 



80,000 



Pole and fuel 
timber. 



Total volume of 
all timber. 



Cubic/eet. 

225,000 

330,000 

90,000 

60,000 

50,000 



755,000 



I 



Cubic/fft. 

225,000 

330,000 

104,400 

60,000 

50,000 



769,400 



Composition of forest and woodland in T. 6 S.y R. 17 E.^ induding trees of all species with basal diameters 

of S inches and upward. 

Per cenL 
Limber pine 45 

Lodgepole pine 10 

Yellow pine 38 

Red fir 5 

Afipen and cottonwood 6. 5 

Township 6 South, Range 18 East. 



This township consists of a rolling tract of country; low swells and ridges 
alternate with shallow draws and canyons. It contains no forest land. Aspen 
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and willow groves line the streams. The uplands are utilized for grazing purposes, 
and the creek bottoms and swales for agriculture. It is distinctly a grazing and 
agricultural tract and is of no v^alue for forestry purposes. 

Township 7 South, Ranc^e 10 East. 

Topoiji'dphy. — With the exception of a small area in the central portion, the 
township consists of narrow -crested and precipitous ridges and divides attaining 
altitudes of nearly' 11,000 feet. The exception to the high relief is a broad canyon, 
a tributary of the Middle Fork of Mill Creek, cutting into the central areas of the 
township from the north. 

Min ing, — None. 

Soil. — Gravel, with thin surface layers of loam; very stony and bowlder-strewn 
on the slopes and in the bottoms of the canyons. 

Agncidtural adaptability. — No portion is tit for agriculture; the tract is too 
stony and the altitude too great. 

Grazing capacity. — The subalpine and alpine areas are mostly grassy and suit- 
able for sheep pasture, but are practically inaccessible. 

Drainage canditians. — The run-oflf is large and is carried by tributaries of Mill 
Creek. Lakelets and tarns are lacking, but the tract is well supplied with springs, 
marsh}' tracts, and creeks, and forms a natural reservoir for much of the Mill 
Creek flow. 

Snow and rock slides. — Infrequent. 

Towns and settlements. — None. 

Forest conditions. — The forested areas are confined to the canyons in the central 
portions of the township, the high areas on the north, east, and south being situated 
above timber line. The stands are of medium density, thinning out near the 9,500- 
foot contour to small copses and narrow lines. In the lower areas lodgepole pine 
and Engelmann spruce are the prevailing species, largely in old growth stands. At 
higher altitudes the typical subalpine forest constitutes the stands. The timber is 
accessible by way of Mill Creek, but only with great difficulty and expense. 

Cutting. — None. 

Bums. — None. 

Reprodtictioti. — Deficient in the subalpine areas but abundant in the stands 
on the lower elevations. Most of the young growth is composed of spruce. 

Und<^graicth. — Light. 

Litter. — There is a small amount in the stands in the canyon bottoms: very 
little in the stands on the subalpine areas. 

Humus. — There is a thin layer of moss and pine needles. 
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Classification of lands in T. 7 S., R, 10 E. 

Acres. 

Forested 8,320 

Nonforested 14, 720 

Badly burned None. 

Logged None. 

Agricultural None. 

Grazing ( alpine tracts ) 14, 720 

Total stand of timber in T. 7 *S'., R. 10 E, 



Species. 



Mill timber. 



Lodgepole pine 

White bark pine . . . 

Subalpine fir 

Engelmann spruce 

Total 



Fed B. M. 

8,000,000 i 



6,500,000 



Pole and fuel 
timber. 



Cubicfctt. 

10,000,000 
3,000,000 
2,000,000 
5, 000, 000 



14,500,000 20,.000,000 



Total Mtand of all 
timber. 



(\ibicfect. 

11,440,000 
3,000,000 
2,000,000 
(), 170, 000 

22,610,000 



Com])osition of forest in T. 7 S.j R. 10 E., including trees of all species with basal diameters of 3 inches 

and upward. 

Per cent. 

Lodgepole pine 55 

White bark pine 7 

Subalpine fir 10 

Engelmann spruce 28 

Township 7 South, Range 11 East. 

Topography. — The eastern, northern, and western areas of this township lie 
wholly on the summit of the main divide of the Absaroka Range, and consist of 
alpine and subalpine tracts rising to elevations of nearly 11,(XM) feet. The region 
is one of narrow, sharp-crested ridges, steep slopes, and bold precipitous breaks and 
escarpments. The central areas of the tract form the head of Hell Roaring Creek 
and consist of open canyons, with slopes of compamtiveh^ easy gradients in most 
localities. 

Minmg, — None. 

SoiL — Gravelly and stony, with thin surface dressings of loam. 

Agricultural adaptability, — ^The township has no arable land. 

Grazing capacity, — ^The pasture areas of the township are limited to the 
summits and high slopes of the ridges, which cany a more or less close and con- 
tinuous sward of alpine sedges and grasses. The tracts are difficult of access and 
are not now pastured, although formerh', it is said, sheep were grazed on them. 

Drainage conditions, — The run-off from the township is large and is carried 
in part by Boulder River and in part by Hell Roaring Creek. The township contains 

9574— No. 29—04 6 
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few tarns and lakelets, but abounds in springs and rivulets. Snow lies on the high 
northern slopes throughout the summer. 

S7WW and rock dUlein, — Near the crests of the mountains av^alanches are common. 

TmnuH and settle))! enis, — None. 

Ftn'eM coiultthmH, — The forest consists of thin subalpine stands of white-bark 
pine and spruce at the higher and the middle elevations. In the canyon of Hell 
Roaring C'reek the forest is mostly made up of old-growth stands of lodgepole 
pine mixed with spruce. 

Cnttl)i[/, — None. 

JJuDis, — None. 

Iie/»'fjdurtio)i. — Reproduction is generally deficient in the subalpine stands. 
The lodgei)ole-pine stands in the lower portions of the canyons are mostly 
stocked too close for any further additions. 

r^?ider(/rmvt/i. — hight, 

Litte)\ — The subalpine forest contains verv little litter. In the lodgepole- 
pine stands it is abundant, and is composed of trees killed by overcrowding. 

IhuiiuH, — None. 

Ciamfication of lands m T. 7 S., R. 11 E. 

Acres. 
Forested 10, 040 

Nonforested 13, 000 

Badly biinie<l None. 

Loggwl ~ None. 

Agricultural None. 

(Jrazing and alpine 10, 000 

Bare rocka 3, 000 

Total stand of timber in T. 7 S., R. 11 K 



Species. 



Lodgepole pine 

W'hite-bark pine. . . 

Subalpine fir 

Engelmann spruce . 

Total 



Mill timber. 

Fnt B. M. 
6,600,000 



4,000,000 



10,600,000 



Pole and fuel ' Total stand of all 
timber. timber. 



Cubicfcft. 
9,000,000 
1,200,000 
2,700,000 
3,500,000 



16,400,000 



Cubic feet. 

10, 188, 000 

1,200,000 

2,700,000 

4,220,000 



18,308,000 



Compontitm of forest in T. 7 S,f JR. 11 E., including trees of all species with basal diameters of 3 inclies 

and upvxird. 

Per cent. 

I^Mlgepole pine 58 

White-bark pine 4 

♦Subalpine fir 8 

Engelmann spruce .30 
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To^\;NSIiIP 7 South, Range 12 East. 

Topography, — High, steep, precipitous mountains nMiehing elevations of 11,200 
feet, a part of the main i-ange of the Absarokas, are found in the southern and in most 
of the centi^al areas of the township. The remainder consists of portions of the 
narrow and rocky upper canyon of Boulder River, of steep spurs abutting on this 
canyon, and, in the northeast ciuurter, of terraces or small plateau-like areas lying 
at the head of the West lioulder at altitudes of 9,000 to 9,500 feet. 

Mhiinij, — Boulder Valley in this township contains two mining camps — Inde- 
pendence and Cowles. Independence is abandoned, Imt Cowles is in active opei-ation. 
The gravels in the central areas of the township are auriferous, and hundreds of 
placer claims have been located on them, a few of which are being worked. 

Mhurah, — Gold. 

Soil, — Gravelly loam, mosth- stony and mixed with bowldei- drift. In places 
the soil is clayey or gumVK>-like. 

AgrlculUiral adaptalllity, — No jxjrtion of the township is cultivable. The 
stony soil and the high altitude of the region are prohibitive of agriculture. 

Grazing capacity. — Numerous alpine and subalpine glades occur throughout 
the township. They bear close swards of sedge and grass. Accessible in most 
places, they are pastured only by the animals of prospectors and by small bands 
of stock. 

Drainage ^y^nlitiouH. — The principal water head of Boulder River is in this 
township, and as such its watershedding capacity is of great importance. The 
run-otf is large. Tarns, rivulets, and creeks are numerous. Most of the feeders 
to the different creeks head in glacial cirques, which commonly hold one or more 
tarns, forming extensive series of natural reservoirs. 

Snow and rock fdicUta,— X\isA2iX\i::\ie^ oi rock and snow are frequent throughout, 
more particularly on the eastern slopes of Boulder Canyon. 

Tait>ns and nettle menU, — Cowles mining camp in Boulder Valley, near Haystack 
Peak, a stamp mill working the auriferous ores of the region, with the necessary 
buildings for employees clustered around it, and one small sawmill near the north line 
of the township in Boulder Canyon, comprise the settlements. Numerous miners' 
cabins are scattered over the mineral- bearing areas. 

Forest cnnditimis, — At the higher elevations the forest consists of thin subalpine 
stands very much scattered among the grassy glades. The timber is low and 
scrubby, fit chiefly for fuel and mine props. The canyon of the Boulder, and 
especially the tributar}^ canyons coming in from the west, contains close-set stands 
of lodgepole pine and spruce varying in age from 100 to 200 j'ears. 

Cutting. — A great quantity of timber has been cut in Boulder Valley, particu- 
larly around the deserted mining camp of Independence and at Cowles camp. At the 
latter place the subalpine slopes are being completely stripped of every vestige of 
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timber large enough to supply fuel to the mines and to the stamp mill, where steam 
is used for motive power. 

Bums. — Large tracts in the valley of the Boulder and in the northeast quarter 
have been burned over during the past eight or ten 3'ears. The timber on the 
burned tracts has in most cases been totally destroyed. 

Reproduction. — The young growth throughout is scanty and scattered. There 
is little restockage in the burns. 

Undergrmcth . — Light. 

Litter. — In the stands on the west of Boulder Canyon the litter, composed of 
fallen timber killed by overcrowding, is abundant. Elsewhere litter is light. 

Hiumis. — On most of the slopes with northern exposures there is usually a thin 
moss cover. Elsewhere humus is lacking. 

Clamjication of lands in T. 7 S., R. IS E. 

Acres. 
Forested 10,540 

Xonforested 12,500 

Badly burned 3,000 

Logged 4,000 

A^icultural None. 

Grazing 4, 500 

Bare rocks 3,800 

Tarns 1,200 

ToUil stand of timber in T. 7 S,, R. 1£ E. 



Species. 



Mill timber. 



Pole and fuel 
timber. 



Total volume of 
all timber. 



Lodgepole pine.... 
White-bark pine... 

Red fir 

Subalpine fir 

Engeluiann spruce . 

Total 



FeetB.M. 
10,000,000 



1,000,000 
9,000,000 



20,000,000 



Cubic feet. 
12,000,000 

2,000,000 
600,000 

4,000,000 
15,000,000 



33,500,000 



Cubic Jeei. 

13,800,000 

2,000,000 

680,000 

4,000,000 

16,620,000 

37,100,000 



Composition of forest in T. 7 S.j R. 12 E.\ including trees of all species wiih Inxsal diameters of S inches 

and upward. 

Per cent. 
Lodgepole pine 60 

White-bark pine : . . 4 

Red fir ! 1.6 

Subalpine fir 9. 5 

Engelniann spruce 25 



TOWNSHIP DESCRIPTIONS. 85 

Township 7 South, Range 13 East. 

Topography, — This township is a plateau-iike area situated mostly above timber 
line, cut by shallow canyons and dotted with numerous tarns. 

Min ing, — None. 

SoiL — Thin gravelly loam. 

AgrlcuLtural adaptahillty, — The township contains no tillable land. 

G-razlng capacity. — Most of the township is covered with a thin sward of alpine 
grasses and sedges which might afford a scanty pasturage during three or four 
months of each year. 

DratTuige cohdltlouH. — Owing to itss elevated position the region receives a large 
amount of snow and rain, and the I'un-off is large. The tract abounds in tarns, 
springs, and creeks, and constitutes an important water head of Boulder and Still- 
water rivers. 

Stunt) and rock slid^H. — Infrequent. 

Towns and settl<:tnetitfi. — None. 

Forest cotidit ions,— The forest is of subalpine composition throughout, and 
consists of white-bark pine, spruce, and subalpine fir, with lodgepole pine in the 
southwest corner. On a small tract in this corner, the forest is set in a close, 
well-stocked stand; elsewhere the stands are thin, and scattered over the rough 
surface and slopes in narrow lines and small copses. It is chiefly an old and middle- 
aged growth. Except for local use the forest is inaccessible. 

Gutting. — None. 

But^tis. — Along the west line of the township the timber on 1,200 acres has been 
killed b}^ recent fires. 

Reproduction. — Scanty throughout. The young growth is composed of the 
same species, in the same proportions as the mature forest. 

Utid^'r growth. — There is only a very low and thin growth of underbrush in 
the district. 

Z/^^/v. —Abundant in the southwest comer of the township, consisting of 
dead and fallen pole growths, killed by overcrowding. 

Humus, — ^Thin or entirely lacking. 

Classificntion of laiid^ in T. 7 6*., B. IS E. 

Acres. 
Forestetl 8,500 

Nonforested 19,540 

Badly burned 1,200 

lagged None. 

Agricultural None. 

Grazing 12,000 

Bare rocks 3,S40 

lakelets and tarns 2,500 
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Total stand of timber in T. 7 -S'., R. IS E. 



Species. 



Lodgepole pine 

White-bark pine. . . 

Subalpine fir 

Engelinann npruce. 

Total 



Mill timber. 



Feet B. M. 
3,000,000 



Pole and fuel 
timber. 



2,200,000 



5,200,000 



Cubic feet. 

3, 000, 000 
300,000 
600,000 

1,000,000 



4,900,000 



Total volume of 
all timber. 



Cubic/eet. 

3,540,000 
300,000 
600,000 

1,396,000 



5, 836, 000 



Composition of forest in T. 7 »S'., R. IS E.y including trees of all species ivUh basal diameters of S inches 

and upward. 

Per cent. 
Lodgepole pine 30 

White-bark pine 5 

Subalpine fir 15 

Engelmann spruce 50 

Township 7 South, Range 14 East. 

Topography, — The eastern and western areas comprise steep, rocky spurs 
rising to elevations of 10,000 to 11,000 feet. The central areas consist of the 
canyon of Stillwater River and its immediate slopes. The canyon is a rocky 
gorge hemmed in by steep slopes, which in the southeast portion become immense, 
towering cliffs rising sheer from the valley 2,000 to 2,500 feet. 

Mlnlmj. — None. 

Soil, — Gravelly and ston}^ with light surface admixtures of lojvmy matter. 

Agricultvral ad<iptah!l!ty. — None of the areas are tillable. 

Grazing/ capacity, — The summits of the spurs are covered with a thin sward 
of alpine and subalpine sedge and grass. The eastern areas are practically inac- 
cessible. The western areas can be reached, but probably only b}' sheep. 

Drainage cmjdifian^. — The tract gives rise to numerous springs and creeks, 
but owing to the broken character of the region holds no lakelets. 

Snov) and rock 8lid<>j<. — Very frequent along the canyon of the Stillwater, 
owing to the excessively steep slopes. 

Trrfvnjt and settlements — There are no settlements in the township. 

Forest conditions. — The timber is confined to the canyon of Stillwater River, 
its larger western tributaries, and a few of the lower and less rocky slopes. 
The stands are composed of lodgepole pine in nearly pure growths or with large 
proportions of spruce and subalpine fir, and vary in age from GO to 200 years, 
depending on the time that has elapsed since the last fire. The forest is prac- 
tically inaccessible, except for local use. 
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Cuffing, — None. 

Burnet. — None. 

Rejyroduefion, — Young growth is everywhere scanty or of only moderaU* 
volume. The proportion of the different species composing it is the same as in 
the old or mature growth. 

Imdtrgrotrfh . — Light. 

Liff^er, — Small quantities in the younger lodgeix>le stands. 

Humus, — A thin moss cover in the can^'ons comprises all the humus layer. 

Clamfication of lands in T. 7 S., R. U E. 

Acres. 
Forested 7, 040 

Nonforested 16, OeX) 

Badly burned None. 

Logged None. 

Agricultural None. 

Grazintr 8, 000 

Bare nx»kH and alpine 8, 000 

Total stand of timber in T. 7 S., R. U E, 

Sneoififl Mill timhpr ^^^^ *°*^ ^"^^ '^^^^ volume of 

^Vexiies. MiiitimDer. timber. all timber. 

FeetB.M. 1 Cubic fert. Cubic/eet. 

Lodgepole pine ! 6,000,000 | 3,000,000 | 4,080,000 

White-bark pine : 1, 000, 000 1, 000, 000 

Subalpinefir 6,000,000 6,000,000 

Engelmann spruce 4, 000, 000 i 6, 000, 000 6, 720, 000 

t 

Total 10,000,000 I 16,000,000 17,800,000 

\_ __ 

Composition of forest in T. 7 S., R. 14 E., including trees of all species with ba^sal diameters of S inches and 

uptvard. 

Percent. 
Lodgepole pine 12 

White-bark pine : 8 

Subalpine fir 20 

Engelmann spruce 60 

Township 7 South, Range 15 East. 

The township comprises a high, mostly alpine region, abounding with crags, 
precipices, and bare rocky peaks rising to altitudes of 12,5(X) feet, and deep, cliff- 
bound canyons. None of the areas are agricultural; none have a grazing value; 
none are forested; scattered trees of subalpine species grow here and there in the 
lower and more sheltered ravines, but as most of the region is situated above 
timber line, there never can be any extensions of the present amount of arborescent 
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gn)wth. Sniall tarns and pond-s fonn heads to various creeks, and the region is of 
importance by reason of these natural reservoirs. 

Clasmjicaiion of landft in T, 7 S., R. 16 E. 

Acres. 
Forested None. 

Nonforested 23, 040 

Bare rocks and alpine 20, 000 

Lakelete, tarns, and streams 3, 040 

Township 7 South, Range 16 East. 

Topography, — ^This township is in a high, mostly alpine region — a mass of crags, 
precipices and pinnacled ridges, which, in the northwest corner of the township, 
culminate in peaks rising to elevations of 12,500 feet. Winding among the steep, 
rocky spurs lie deep, cliff-lined canyons littered with talus and morainic debris, • 
which here and there dauLs the streams and causes them to spread out and form 
lakes of considerable size. 

Mining, — None. 

Sml, — ^The soil is sterile and rocky. A large proportion of the tract has no soil 
cover. 

AgricultivraZ (iduptaJnllty, — There is no tillable land in the township. 

frrazing capacity, — ^The summits of the ridges bear, hear and there, thin swards 
of alpine sedges and grasses and some of the larger lakes have wet glades fringing 
them. None of them are accessible to stock. 

Drainage conditions, — There is a large and continuous outflow, all by way of 
West Rosebud Creek. The township constitutes a great natural reservoir to this 
stream, and as such is of importance notwithstanding its rough and rocky character. 

Snow and rock slides, — Frequent throughout. 

Towns and settlements, — No part of the township is inhabited. 

Forest ci^nditlons, — Most of the township lies above timber line, and the forest 
is confined to the lower slopes and the bottoms of a few canyons in the northern 
portion. The stands are composed of lodgepole pine and spruce at the lowest 
elevations, and of the subalpine type of forest at the upper. 

Cutting, — None. 

Bums, — Tracts in the northeast corner of the township have been burned over 
within the past seven or eight j'^ears and the timber on 400 acres destroyed. 

Rejm)diictloji, — Young growth is not abundant. Lodgepole pine and Engel- 
mann spruce are the leading species in the restockage. The burned-over tracts are 
not reforesting. 

Undergrmuth, — Low shrubs, of huckleberry, wild raspberry, gooseberry, etc. 

Litter, — In the lodgepole-pine stands and on the burned-over areas litter of 
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dead and fallen pole timber is abundant. In the subalpine stands the amount i8 
small. 

Hum as, — None. 

Clamfication of lands in T. 7 S.y R. 16 E. 

Acres. 

Forested 2,400 

Nonforested 20, 640 

Bad 1 y burned 400 

Logged None. 

Agricultural None. 

Grazing None. 

Bare rocks and high alpine 17, 140 

Lakes and tarns 3, 100 

Total sUind oftimfjer {pole and fuel) in T. 7 S., R. 16. E. 

Cubic feet. 

Lodgepole pine 950, 000 

White-bark pine 350, 000 

Subalpine fir 800, 000 

Engelmann spruce 800, 000 

Total 2, 900, 000 

Ckmwosilion of forest in T, 7 S., JR. 16 E., including trees of all species ivith fxisal diameters of 3 incties and 

upward. 

Per cent. 
Lodgepole pine 50 

White-bark pine 12 

Subalpine fir 20 

Engelmann spruce 18 

Township 7 South, Range 17 East. 

Topoiiraphy, — The township consists of the divide lying be tweet East and West 
Rosebud creeks, with the steep breaks leading into the canyons of these streams. 
It is a high, rugged mass of mountains, some portions rising to nearly 12,0W feet 
while comparatively little lies below the 9,000-foot contour. 

Mining, — None. 

Soil, — Very thin, gravelly loam, stony, and strewn with huge bowlders in most 
places. Large areas, particular!}^ on the breaks to the Rosebud canyons, are 
entirely devoid of soil cover. 

AgricidtunH adaptability, — The township contains no arable land. 

Grazing capa>city, — In the Rosebud canyons small glades and burned-over tracts 
not reforesting furnish pasture and are so utilized. The summits of the spurs are 
covered with alpine sedges and grasses, but are inaccessible to domestic grazing 
animals. 
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Drainage a>ndltwnH, — The run-otf is large and continuous, and as the tract 
serves as a natural reservoir for the two Rosebud creeks it is of great importance. 

Snow and rock slides, — These are common, especially in East Rosebud Canyon. 
Enormous masses of overhang line the brinks of the canyons and frequently send 
down vast masses of rock and gravelly debris. 

Ttnrn^ and setthmentx, — There are no towns on the tract. At the north end of 
East Ro^ebud Lake, a sheet of water covering 750 acres in the canyon of the same 
name, is a summer cottage l)elonging to a Major Armstrong, who occupies a tract of 
surveyed land in the heart of the mountains far from all other surveys. 

Foi^ent conditionH, — The forest consists of thin stands of lodgepole pine, red fir, 
white-bark pine, and spruce in the canyons and on the declivities where the slope 
is not too steep to permit soil to accumulate. Small stands of aspen and cottonwood 
occur in the bottoms of East Rosebud Can3'()n, while a few copses of j-ellow pine 
occupy tracts at the mouth of the canyon. Formerly the bottoms and slopes of 
East Rosebud Canyon were closely stocked with timber in most places, out very 
little has escaped the tires during the last four or five yeai*s. 

Cutting. — Small quantities here and there for local use. 

BurnK — During the past six or seven years most of the township has been 
burned over. Complete destruction of the timber has followed. 

Reproduction. — There is little young growth. The burned tracts show practi- 
cally no evidence of reforestation. Especially is such the case on the southern and 
western exposures. Since the fires many of the slopes show extensive gullying, 
while on most of them the loamy surface is being washed into the streams and 
carried away, a process which will indefinitely retard reforestation. 

Undergrmoth. — Moderate in quantity. A few of the burns are growing up to 
various sorts of brush, mostly CeanothxiH. 

Litter. — There are large quantities of dead and fallen timber on the burned-over 
tracts. Most of the dead timber is still standing, and when it falls the amount of 
litter will be very large. 

lln in UJf*. — None. 

Clamfication of lands in T. 7 8., JR. 17 E. 

Acres. 

Forested 3,600 

Nonforested 19,440 

Badly burned 11,440 

Loggeil None. 

Agricultural None. 

Grazing 3, 000 

Bare rocks 4, 000 

Lakes and tarns ' 1, 000 
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Total stand of timber (pole and fuel) in T. 7 S., R. 17 E. x 

Cubic feet. 
Lodgepole pine 1, 200, 000 

White-bark pine SOO, 000 

Yellow pine 20, 000 

Red fir 40, 000 

Snl)alpine fir 500, 000 

Engehnann spruce 500, 000 

Asi)en and cottonwcKxl 200, 000 

Total 3, 260, 000 

Composition of forest in T. 7 •S'., A*. 17 E.j including frees of all species trith Itasal diameters of S inches and 

upward. 

Per cent. 
Lofigepole pine 50 

White-bark pine 15 

Yellow pine 2 

Red fir 8 

Subalpine fir 10 

Engelmann spruce 20 

Aspen and cotton wood 4 

Township 7 South, Range 18 East. 

Topograpky, — The western half of the township consists of steep, rocky spurs 
forming the divide between Red Lodge and West Rocky Fork creeks, and between 
Red Lodge and East Roseliud drainage. Their eastern tenninations lie in the 
central portion of the tract where they break with sharp descents to a rolling 
foothill region, which fills the remainder of the areas of the township with low, 
long ridges and a multitude of shallow ravines and gullies. The general elevation 
of the foothill region is about 5,60<> feet, while the ridges in the western areas reach 
altitudes of 9,000 feet. 

Mining, — No mineral is mined. Petroleum is thought to oc^ur in the north- 
west quarter of the township, where borings have been made intermittently for 
several years, but without definite results. 

Soil. — Gravelly loam. The entire foothill region is covered with a deep 
blanket of extremely heavy bowlder drift, partly overlain with a thin top-dressing 
of loamy matter. 

Agrieidtvrol adaptahility, — The western areas contain no tillable land. Tracts 
in the eastern portion, in the aggregate 800 or 1,000 acres, are susceptible of 
cultivation. 

(rrazing capacity, — The foothill region, where not wooded, has a grass cover, 
and has long been utilized a« cattle and sheep ranges. Where not fenced it has 
been badly overgrazed. 
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J/raina^e cr/rulit lotus. — The run-off is of moderate volume, and is carried by 
Red I»dge« West Kockj' Fork, and numerous smaller creeks, which have their 
rwe in the fronts of the spurs. Their waters are more or less used for irrigating' 
agricultural lamJs outside the township. 

Sru/w and r^fck MlideM. — Infrequent, and limited to the high western portions. 

Tf/wuH and nettUnientM. —One or two farmsteads near the north line of the town- 
ship cTimprise the settlements. 

Ff/rtMt crmditumfi. — The mountain areas bear nearly pure-growth stands of lodge- 
pole pine at middle elevations, giving way to stands of the ordinary subalpine type at 
the highest altitudes. The f(X)thill region is dotted with extensive and extraordinarily 
i'Uwely set stands of sapling lodgepole pine and aspen, this young growth covering 
fully W per cent of the forested area of the township. Most of the timber in the 
district has only a fuel or pole value. With the exception of the summits of the 
spurs the different tract** are not particularh' difficult of access. 

Ct/Uifir/. The foothills and lower slopes of the mountains were culled many 
years ago. In some of the more readily accessible portions the cutting has amounted 
to 80 c;r (H) jKrr cent. Much fire-killed timber has been taken out. In the aggregate 
Tp^(HH> ac'res have l>een culled. 

JiumM. Hxt^^nsive forest fires, originating five or six years ago in East Rosebud 
Canyon, burm5d th<5 tim^ier on large tracts of the mountain spurs, but the killed trees 
are still standing. 

RtqyrfHhu^tifin. —In the high areas there is little young growth. Parts of the 
burns are resti>cking; parts are still without any seedling growth. Lodgepole pine 
is the chief species in the restockage. The foothills are becoming covered with 
extremely clos<;-set stands of lodgepole pine and aspen. It is impossible to determine 
with al>Holute certainty whether these stands are reforestations direct after fires, or 
whether they occupy ground formerly grassed over as the result of repeated fires 
while the Indian had control of the region. However this may be, the forest is now 
extending into foothill tracts which do not show a vestige of former timber growth. 
These heavily stocked stands of young lodgepole and aspen are the most conspicuous 
features of the forest. 

Undargrmvth, — In the stands of green timber there is very little underbrush 
present. On the burned-over areas which are not restocking, dense growths of shrubs, 
chiefly Ceanothus^ are covering the ground. 

Litter. — In the growing forest the litter generally is light. In the burned 
districts dead and down timber is accumulating in great quantities. 

Hv/mus, — None. 
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Clamfication of lands in T. 7 K, R. 18 E. 



Forested 



Acres. 
12,040 



Nonforested 11, 000 

Badly burned 6, 000 

Logged (culled) •. 8, 000 

Agricultural 1, 000 

Grazing 3, 200 

Bare rocks 800 



Total stand of timber in T. 7 .S'., R. 18 K. 



Species. 



Mill timber. 



Pole and fuel 
timber. 



Total volume of 
all timber. 



Lodgepole pine 

White-bark pine 

Subalpine fir 

Engelmann spruce 

Aspen and cottonwood 

Total 



Feet, B. M. 
2,000,000 



800,000 



Oubicfcft. 

9,000,000 

1,200,000 

900,000 

900,000 

1,000,000 



2,800,000 13,000,000 



CitbicJeH. 
9,360,000 
1,200,000 
900,000 
1,044,000 
1,000,000 



13,504,000 



Composition of forest in T, 7 S,, R, 18 E,, including trees of all species toith basal diameters of S inches and 

upward. 

Per cent. 
Limber pine Scattered trees. 

Lodgepole pine 70 

White-bark pine 3 

Red fir Scattered trees. 

Subalpine fir 1 

Engelmann spruce 6 

Aspen and cottonwood 20 

Township 8 South, Range 10 East. 

Topography, — ^The township consists of high, rocky, alpine and subalpine ridges 
reaching altitudes of 10,000 feet, with deep and narrow intervening canyons 
belonging to the drainage basin of Hell Roaring Creek. 

Jifi'n Ing. -i-None. 

Soil. — ^Thin, gravell}^, ston}', and bowlder-strewn throughout. 

Agri<mltura/ adaptahiUty. — There are no lands capable of tillage in the town- 
ship. 

Grazirig capcwity, — None. 

Drainage conditions, — Numerous springs, rivulets, and creeks have their rise 
in the township. 

Stww and rock slides, — Infrequent. 

Tmcns and settlements, — None. 



94 



AB8AROKA DIVISION OF YELLOWSTONE FOREST RESERVE. 



Forent co/nUtio7Ui, — The lower areas an* covered with large and continuous 
stands of lodgepole pine, with small admixtures of spruce and red fir. The stands 
average 100 years old. The subalpine forest consists of white-bark pine, spruce, and 
subalpine fir and is thin and scattering. 

Cutting, — None. 

Bunm. — Along the east line small patches of burns, in the aggregate 500 acres, 
extend into the tow^nship from the large burns in Hell Roaring Basin. 

Reprodiuition, — Scanty, but sufficient to maintain the present densit}' of stands. 
The greater portion of the sapling and seedling growth is composed of lodgepole 
pine. 

Undergrowth.— S^B.v^Q, 

Litte)\ — There is a moderate amount of dead and down timber, killed by 
overcrowding, in the lodgepole pine stands. In the subalpine forest the amount 
of litter is small. 

Huinu4^, — None. 

Classification of lands in T. 8 S., R. 10 E. 

Acres. 

Forested 16, 000 

Nonforested 7, 040 

Badly burned 500 

Logged None. 

Agricultural None. 

Grazing None. 

Bare rocks and high alpine 6, 540 

Toua stand of timber in T. 8 S., R, 10 E, 



Species. 



Mill tiinl)er. 



Pole and fuel 
timber. 



Lodgepole pine 

White-bark pine . . . 

Red fir 

Subalpine fir 

Engelmann spruce . 

Total 



Fed. B. M. 
20, 000, 000 



1,000,000 
5,000,000 



26,000,000 



Cubic feet. 
25, 000, 000 
8,000,000 



3,000,000 
2,000,000 



38,000,000 



Total stand of 
all timber. 



Cuhicjat. 

28, 600, 000 

8,000,000 

180,000 

3, 000, 000 

2, 900, 000 



42, 680, 000 



Composition of forest in T. 8 S.^ R' 10 E,, including trees of all species with basal diameters of 3 inches 

and upward. 

Per cent. 

Lodgepole pine 72 

White-bark pine 10 

Red fir \ 3 

Subalpine fir 5. 7 

Engelmann spruce 12 
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Township 8 South, Kan(;e 11 East. 

Topography, — The ti*act chiefly eoiisists of the upper Imsin of Hell Roarinj: 
Creek, a broad, semicircular depression between ridges having altitudes of J»,<hk> to 
10,0(K> feet. The depression forms a sort of valley with low ridges, gullies, and 
ravines intersecting its bottom in various directions. Hell Roaring Creek is in a rift 
in the solid granite, oO to r»0 feet wide and 40 to t>o feet deep, with nearly pei-pen- 
dicular walls. The east side of the valie}^ rises to the sinnmit of the inclosing 
ridges through a series of broad terraces; the north and west sides mount on the 
steep fronts of high spurs stretching out from divides in the townships adjoining, 
while the south side forms the entrance to the canyon portion of Hell Roaring 
Creek Valley. 

Min /;/</. — None. 

<9o//. — Thin, gravelly loam, stony; many of the slopes are covered with talus 
devoid of soil. The surface of the central part of the depression consists of a 
sheet of bowlder and gravel drift. 

Agricultural (ukiptohUttij. — None of the lands in the township are tillable. 

Grazing capaciiy, — The grazing areas of the township are mostly tire glades 
slowlv reforesting. A few marsh}- meadows occur in the <*entral areas, and some 
small subalpine glades on the ridges inclosing the valley on the east. 

Drainage conditions. — A large amount of water flow^s from the township. The 
tract abounds in large springs, points of seepage, subalpine rivulets, and small 
ponds. It is practically the water head of Hell Roaring Creek. 

Smnc and rmk slidt^s, — Infrequent or altogether lacking. 

Tawns and i<etthnie7}ts. —None. 

Forest conditions, — The forest conditions are the results of fires during the past 
one hundred and fifty years. The central areas are covered chiefly with lodgepole 
pine, varying in age from 50 to 100 j^ears. The yomiger stands are reforestations 
after fires in modern times; the older growths are stands that escaped the last 
great fires, and are scattered throughout the sapling growths. The subalpine 
forest, covering 30 per cent of the township, consists of spruce, white-bark pine, 
and subalpine fir, with occasionally some lodgepole pine. The white-bark pine is 
very abundant, and at the highest levels forms 75 per cent of the forest. Along 
the lower edge of the subalpine stands Engelmann spruce constitutes 60 to 8<> per 
«ent of the timber. The timber on the high eastern slopes of the valley is chiefly 
an old growth, varying from 150 to 200 years in age. Poplar and aspen groves are 
common in the central parts and form thick fringes around the tarns and ponds, 
or entirely cover the more seepy areas where coniferous growth is not possible. 

Oidting, — None. 

Bums, — The recent V)urns, not yet reforesting, or only very tardil}', amount 
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Compotition of foregt in T. 8 *9., R. 11 E,, incltiding trees of all species with basal diameters of 3 inches 

and upward. 

PcT.cent. 

Lodgepole pine 68 

White-bark pine 8 

Red fir 5 

Subalpine fir 3. 5 

Engelmann Bplnce 20 

Township 8 South, Range 12 East. 

Topography. — ^The northern area8 comprise rough ridges and crests rising to 
altitudes of 11,000 feet. The central areas are formed b}^ the basin-like valley of 
upper Buffalo Creek, which is bordered on the west by a plateau-like ridge, 
forming the divide against Hell Roaring Creek; and on the east by narrow, rock}' 
crests sloping into Buffalo and Slough creeks with a succession of long terraces. 

Mining. — None. 

Soil. — Claye}^ and gravelly loam, stony and bowlder strewn in places. 

Agricultural adaptahility. — The tract is too stony, too mountainous, and situated 
at too high altitudes for agriculture. 

Grazing capax^ity. — The plateau-like portion of the spurs inclosing Buffalo 
Creek on the west, and the upper areas of the basin of that stream, contain large 
areas of grassy glades and uplands suitable for pasture. No stock were pastured 
on these tracts during the past season. 

Drainage conditions, — The township is well supplied with springs and rivulets 
and small ponds here and there in the western areas. It forms the water head 
of the Buffalo Creek drainage. 

Snaw and rock slides. — Infrequent. 

Towns and settlements. — None. 

Forest conditions. — The forest in the east half of the township consists of 
lodgepole pine to the extent of 80 per cent. In Buffalo Creek Basin the stands are 
chiefl}" composed of Engelmann spruce. On the summit of the ridges the forest, 
wholly of the subalpine type, consists mostly of white-bark pine and spruce. The 
forest is composed of old growth stands varying in age from 150 to 200 years 
and over. There is very little forest in the sapling stage throughout the township. 
Portions of the timber in the extreme eastern sections of the township are accessible 
by way of Slough Creek Valley. The remainder can be reached only for local use. 

Cutting. — None. 

Bums. — A small tract, 100 acres, along the western edge of the township has 
been burned over by fires of recent date. 

Reproduction. — Most of the forest has reached the period when its stands are 
9574— No. 29—04 7 
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fully Htocked, and yomijr growth is nearly impossible owing to lack of light. In 
consequence there is little seedling and sapling growth. 

Umhfryrmrth, — Light. 

Z/^/zr. — The forest in the east half contains immense quantities of dead and 
fallen timlier, killed by overcrowding. The western half has only a moderate 
quantity of litter. 

IfuuniH. — (jrenerally lU^undant in the east half of the township; scanty or wholly 
la<*king in the west half and on the summit of the higher ridges. 

Clatmification of UiinU in T. 8 *S'., R. 12 E. 

Acres. 

Foreated 12,040 

Nonf oreaUMl 1 1 , 000 

Ba4lly )mme<l 100 

Logge<l None. 

Agricultural None. 

OrazinK 8, 000 

Bare rmkn 2, 600 

PondH and HtroaniM 300 

To/a/ Biand of timber in T. 8 S., H. IS E. 



SpectdM. 



MUl timber. 



1 /Vrt B. M. 
i 

L(Mlge|)olo pliui i 15, 000, 000 

WhiU*-»»ark phjo ! 1,000,000 

\M t\r : 3,000,000 

HulMilpluM flr 

KiiKitlnmnn npnu'e 17, 000, 000 



ToUl 



36,-000, 000 



Pole and fuel 
timber. 


Total volume of 
all timber. 


Cubic Jfft. 


Cabicjeet. 


20,000,000 


22,700,000 


3,000,000 


3,180,000 


1,000,000 


1,540,000 


2,000,000 


2,000,000 


6,000,000 


9,060,000 



32,000,000 > 38,480,000 



f \i»*4^N*«^h'uM i\i fofi^ in 7\ 8 *S'., H, J^ E,y including tree* of all sjtecie* with baml dianuters of S incha 

and upuxird. 

Percent. 

I .MdfcH»p»»lo plwt< 68 

\\\\\W luirk pint* 3 

U^hUU 1 

MU^M^IpiUi* \\v 8 

limivUumu^ *prmH* 20 

TtiWNSHip 8 South, Range 13 East. 

/''•/•vV'^V^v* ^'^^'^ township comprises the northern portion of Slough Creek 
Ui^uw^v, ^Uo ^tUiNum vuuuiu); through the center of the tract In its bottom;^ is a 
U I uuvk lU^^l \4lli\Y. Kuig^^, with long, easy slopes, for the most part, border the 
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valley on the west and on the east, the northeast corner being an exception. Here 
the spurs rise to altitudes of 10,000 feet and form Horseshoe Mountain. 

Milling, — The summit and upper slopes of Horseshoe Mountain are mineral 
bearing. 

Minerals. — Gold, both quartz and placer. 

Soil, — Thin, gravelly loam, generally very much littered with bowlders. 

AgrieulUiral adaptahilify, — The region is situated at a too high altitude for 
agriculture. 

Grazing capacity, — Small glades on Horseshoe Mountain and in Slough Creek; 
in the latter several ancient fire glades afford pasturage. 

Drainage conditions, — The township is abundantl v supplied with springs, marshy 
areas, and places of seepage, besides giving rise to several large creeks. The outflow 
is carried by Slough Creek, which evidently has a great imderflow through the vast 
mass of glacial debris littering the valley. 

Snow atid rock slid<is, — Snow and rock avalanches are common along the west 
slopes of Horseshoe Mountain where it abuts on the valle}" of Slough Creek. 

Tcnmis and settUinents, — There are two permanent mining camps, both small, on 
Horseshoe Mountain. Outside this area the tract is not inhabited. 

Forest conditions, — With the exception of the sunmait of Horseshoe Mountain 
the township is well stocked with forest, carrying the greatest quantity of timber of 
any of the townships in the Absaroka division of the Yellowstone Forest Reserve. 
In the valley of Slough Creek and in the bottoms and middle slopes of the trib- 
utary creeks entering from the east the stands are chiefly composed of lodgepole 
pine, varying in age from 51) to 200 years. Some of the stands carr^' timber, 
mostly of logging dimensions; others have nothing but slender pole growths. At 
the middle elevations on the west slopes spruce largely' replaces the lodgepole pine 
of the valley. In stands where it is the dominant species it attains diameters up to 
3 feet with trunks 100 feet in height. At subalpine elevations the usual thin and 
scattering stands of white-bark pine, spruce, and subalpine fir form the forest. 
With the exception of the lodgepole pine the trees are limb}^ and knotty throughout, 
rarely showing any clear trunk. The tract is easil>' accessible by way of 
Yellowstone National Park and the lower portion of Slough Creek Valley. 

Cutting, — None, except a small amount on Horseshoe Mountain, culled out for 
local use by the miners. 

Burns, — There are two small burns, amounting to 100 acres, in the Slough 
Creek bottoms near the south line of the township. 

Rep7'odiu)tian, — Young growth is abundant in the stands where the forest is 
not too closely set. In the 3'oung and close-set lodgepole-pine forest seedling and 
young-sapling growth are almost entirely lacking. In most of the older and open 
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t^dj^pTile^pine the young growth is chiefly spruce. Nearly all the forest in 
tk^: Ufwn^ip in in a very active stage of natural thinning. 

UrijUrifrfftnth. The brush growth is scanty throughout. 

Utter. - Here and tben? along Slough Creek and on Horseshoe Mountain the 
fof4^i^C ii» quids f reif from litU^r, and presents, in the older stands, a clean, park-like 
Mffptmruair*', VAHitwUttti* in the township the forest is littered with an immense 
MiiMimni of dead and down pole tinilier, the result of overstockage. 

llumiiM. -Ill tb« NtamiM Ixirdering the valley on the west a layer of humus or 
^fi^ ^i Uf ^ UuihitH in d<*pth, r^overs the forest floor. In the stands on the eastern 
it'uUi of this valley it in very thin or altogether lacking. 

CliumJUjtUum of Umth in T 8 S,, iJ. IS E, 

Acres. 

VomtOtity 20,640 

StmhtniiKU)i\ 2,400 

htA\y SHinmX 100 

iJifBP^i None. 

A|fri/rtjluinil None. 

Owarfiig 1,800 

^mrtH^kik 500 

'iUat dnnd u/timlter in T. 8 K, R. IS E, 



tl|f4:rllt«. 



Mill timber. 



Feet B. M. 

|..WttH«|ilim ' 65,000,000 

U liil*' jiiiiit ! ^» ^^» ^^ 

\MiiUftHiik piim 

H.Hllt. 5,000,000 

SiiUlpuio lir 

KVs-lu.Him iilMW4i 52,000,000 



Pole and fnel I Total volume of 
timber. ! all timber. 



Cubic/eet. 
64,000,000 



4,000,000 



5,500,000 
10,000,000 



Cubicfeet. 

75, 700, 000 

540,000 

4,000,000 

900,000 

5,500,000 

19,360,000 



tS*l«l 



125,000,000 



83,500,000 106,000,000 



V »»mji< «»♦ ''• »V »V, H^ iS K,t including trees of all species with basal diameters of S inches and 

ttpward. 

Per cent. 
62 

8 

7.2 

2 

9.8 

20 
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Township 8 South, Kange 14 ^EaW.-. - 

TojXMjraphy, — The eastern areas of the township compid^ a high, rocky, 
glaciated tract abounding in shallow depressions, small flat«, shoift- Qs^jarpments, 
steep serrated peaks, and narrow^ crevice-like canyons. The central areas are «pt by 
the trough-like canyon of Stillwater River, with sheer, rock walls in inost^placegl 
The w^estern tracts consist of broad spurs and ridges stretching eastward from the.- 
main divides in the township on the west. 

Mining, — None. 

Soil, — Thin and gravelly; most of the nontimbered areas of the township have 
no soil cover. 

Agricultural adaptability, — The township contains no tillable land. 

Grazing capacity. — None. 

Drainage conditions, — The run-off is large. The eastern half is very abundantly 
supplied with springs, tarns, alpine rivulets, and creeks, while several large creeks 
have their rise in the western areas. The township is one of the principal water 
heads of Stillwater River. 

Snow and rock slides, — Slides are of frequent occurrence, especially in the eastern 
are&s along the breaks to the Stillwater Canyon. 

Tmcns and settlements, — The township is uninhabited. 

Forest conditions, — The bottoms of the Stillwater canyons are forested with 
modemtely close-set stands of lodgepole pine and Engelmann spruce, mostly old 
growth. The ridges west of the canyon carry stands of subalpine type, thin and 
scattered at the higher elevations, close set in the canyons. The eastern areas of the 
township are mostly bare of forest, or have thin lines of trees and small copses set 
here and there in the sheltered hollows of the spurs. The timber is inaccessible 
except for local use. 

Cutting, — None. 

Burns, — None. 

Reproduction, — In the stands in Stillwater Valley the young growth, consisting 
chiefly of lodgepole pine, is suflScient to maintain the present volume. There is little 
young growth in the subalpine stands. 

Vndergroioth, — Light. 

Litter, — A small quantity of dead and down timber is scattered through the 
forest in Stillwater Valley, a large proportion of this being due to the crushing 
effects of snow and rock slides descending the steep slopes. Elsewhere the litter 
is small in quantity. 

Humus, — A light cover of moss occurs in the valley and on the lower slopes. 
At the higher elevations the forest floor is bare. 
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Grazing capacity. — A few hundred acres of alpine meadow land exist in the 
southern and central areas. The tracts are not pastured. 

Drainage condUiom, — The township is of importance >)y reason of the large 
volumes of water constanth' discharged from its areas. The tarns and lakelets 
constitute natural reservoirs, and great hanks of snow or incipient glaciers lie 
on the northern slopes of most of the higher elevations. The drainage flows 
partly into Stillwater River and partly into Clark Fork. 

Snow and rock slides. — Of frequent occurrence, especialh' in the northern 
areas. Mud slides carrying vast quantities of bowlders line many of the tarns 
and are common on the slopes of the peaks. The ragged and serrated crests of 
the ridges have enormous masses of overhang, from which avalanches of stones 
and bowlders are continually descending into the canyons and building up the 
talus slopes. 

Towns and settlements. — None. 

Forest conditions. — The tract carries no forest. There are a few trees of 
white-bark pine and Engelmann spruce scattered through the hollows or lining 
the tarns in the southern areas. Most of the township lies at altitudes above 
timber line, where low growths of willows replace arborescent vegetation. 

Reproduction. — Climatic conditions are such that much young growth is 
impossible. In the sheltered hollows and ravines, up to elevations of 9,800 feet, 
there will always be a few seedlings and saplings. Very rarely will one of them 
grow to maturity, being broken off or uprooted by heavy snows and fierce gales 
as soon as any considerable size and spread of limbs are attained. 

Classijicadon of lands in T, 8 S., R. 15 E. 

Acres. 
Forested None. 

Nonf orested 2.3, 040 

Agricultural None. 

Grazing 8, 000 

Bare rocks, alpine snowbanks, and incipient glaciers 18, 000 

Lakelets, tarns, and streams 2, 040 

Township 8 South, Range 16 East. 

The township consists of a high, rugged mass of mountains, mostly situated 
above the 9,500-foot contour, with peaks and ridges rising to 12,9(X) feet. It 
abounds with peaks, serrated and pinnacled crests and ridges, canyons, precipices, 
and alpine lakelets and tarns. 

The township is uninhabited. The surface consists chiefly of bare rock. None 
of the areas are agricultural in character. Swampy meadows, fringing the alpine 
tarns, are met with here and there, but they are practically inaccessible to stock. 
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None of the lands are mineral bearing. No forest exists in the township, but 
a few narrow lines of spruce and white-bark pine fringe tarns situated at or 
near the 9,500-foot contour line. The greater portion of the tract lies above 
timber line. The township h^s a large run-off, and is of importance by reason 
of the large natural storage capacity afforded by its many lakelets and tarns. 

Clamficat'nm of lands in T 8 S,, R. 16 E. 

Acres. 
Forestall None. 

Xonforested 23, 040 

Bare rocks 17, 000 

Alpine meadows and glades 2, 540 

Lakelets, tarns, and streams 3, 500 

Township 8 South, Range 17 East. 

Topography. — The eastern area comprises high spurs with broadening or 
plateau-like summits, which in the central portion break off to the canyon of the 
East Rosebud. The portion of this canyon situated within the township is a mere 
rift through the mountains, bounded on either side by great, bare, almost perpen- 
dicular walls of rock. The southwest corner of the township rises in a vast mass of 
jagged cliffs. The average altitude of the township is about 10,800 feet, while 
many isolated tracts attain elevations of 12,000 feet. 

Milling, — None. 

SoU, — Thin gravelly loam, with the surface strewn with bowlders, usually of 
large size. The slopes leading to the different canyons are mostly bare of soil, 
preni^nting either naked rock or talus. 

AgrlcuHuraZ adaptahility. — No portion of the township has any arable land. 

(irazing capacity, — The summits of the ridges are covered with a thin sward 
of alpine Hedges and grasses. They are extremely difficult of access, probably 
JH«yon(l ( he reach of any kind of stock except sheep. There are no grazing areas 
in IIm* (ranyons. 

I>nilnag*' <^mditions. — The township is the water head of East Rosebud Creek. 
Tim riifi'off Im large. Springs abound, while numerous tarns and ponds in the 
^i\\\\w.vu |inrt w'Tve as natural reservoirs and more or less regulate the outflow. 
TImi watiT^ of East Rosebud Creek are largely utilized for irrigation pui*poses in 
IImj rti^rlciilhunl sections north of this township. 

Snow and rock dides. — Of common occurrence. 

ToautM and Ht*ttl^ne7its, — The tract is entirely uninhabited. 

FuriiHi vimdItionH. — Light stands of lodgepole pine, spruce, and subalpine fir 
ociiur ill tliH bottom of East Rosebud Canyon for a distance of 8 miles south 
from tliij north line of the township. Small copses and thin lines of spruce and 
wliite-lmrk pine cling to the rocky slopes of the different canyons or nestle in 
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the deeper and more sheltered hollows to which projecting spur or excavated glacial 
cirque give rise. There is no mill timber; the growth has only a fuel value 
and is praeticalh^ inaccessible except for local use. Most of it is a pole growth. 

Cutting, — None. 

Bums, — None. 

Reproduction, — Reproduction is suflScient to maintain present stands. Climatic 
conditions forbid any considerable additions to the present timbered area, but 
more closely stocked stands, particularly in the East Rosebud bottoms, are pos- 
sible. Lodgepole pine and spruce are the leading species of the young growth. 

Undergrowth, — Very thin and scattering. 

Litter, — A small amount in the lodgepole-pine stands. 

Hum-US, — Lacking. 

Classification of lands in T. <?>S'., K. 17 E. 

Acres. 

Forested 3, 000 

Nonforested 20, 040 

Badly burned None. 

Logged None. 

Agricultural None. 

Grazing 11, 000 

Bare rocks 7,300 

Tarns and streams ' 1, 740 

Total stand of timber in T, 8 S., R. 17 E. 



Species. 



Mill timber. 



Pole and fuel 
timber. 



Total volume of 
all timber. 



Lodgepole pine 

White-bark pine . . . 

Subalpine fir 

Engelmann spruce. 

Total 



Feet B. M. 



Cubic/eet. 

1,000,000 
250,000 
350,000 

1,000,000 



2,600,000 



Cubic/eet. 

000,000 

250,000 

350,000 

1,000,000 



2,600,000 



Vomposition of forest in T. 8 S.y R. 17 E., including trees of all species with based diameters ofS inches and 

upivard, 

Per cent. 

Lodgepole pine 30 

White-bark pine 5 

Subalpine fir 30 

Engelmann spruce 35 

Township 8 South, Range 18 East. 

Topography, — The township consists of a moor-like plateau nearly 11,000 feet 
above sea level. Its surface is elevated in long swells and depressed in broad, shal- 
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low swales. It is intersected from southwest to northeast l>v the extremely rocky 
and precipitous canyon of Rocky Fork, from which several lateral gorges cut deep 
into the plateau. 

Min ing. — None. 

Soil, — Thin, gravelly loam with masses of bowlder drift scattered over the 
surface. 

Agricultural adaptability, — The township contains no arable land. 

Grazing capax^ty, — Except the breaks to the various canj^ons the entire town- 
ship is a grazing area. It has been closely sheeped in former years, and its present 
grazing value is low in consequence. 

Drainage conditions, — There is a moderate outflow from the tract. A few small 
tarns occur on the summit of the plateau, and numerous springs and small creeks 
along its slopes. Many of the ravines which intersect the summit hold large Imnks 
of snow on their northern slopes throughout the summer, which supply various runs 
and rivulets with moderate volumes of water. 

Snmc and rock slides, — Avalanches of rock and snow, and landslips, are of fre- 
quent occurrence along the breaks of Rocky Fork Can\'on and its lateral gorges. 

Towns and settlements, — None. 

Forest conditions, — Most of the tract is situated above timber line, and the small 
amount of forest is confined to the lower breaks and bottoms of the canyons. It is 
almost wholly of the subalpine type. The stands are thin and scattering, and are 
chiefly valuable for fuel. They are generally inaccessible except for local use. 

Cutting, — None. 

Bums, — Burned -over tracts occur in Rocky Fork Canyon and in the northwest 
corner of the township. The fires in Rocky Fork Canyon apparently burned six or 
seven years ago, and practically wiped out all the timber in the central portion of 
the canyon and in its northern laterals. 

Reprodiiction. — Very scanty throughout. The bums are not yet restocking. 

Undergrowth, — Scarcely any. 

Littei\ — Abundant on the burned-over tracts; light in other plaees. 

Hurmis, — None. 

Clamfication of lands in T. 8 *9., R, 18 E. 

Acres. 
Forested 2,000 

Nonforested 21,040. 

Badly burned 4,000 

Logged None. 

Agricultural ^ None. 

Grazing 13,800 

Bare rocks 3,100 

Tarns and streams 140 
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Total stand of timber in T. 8 S'., H. IS E. 



Species. Mill timl>er. 

_L 



Pole and fuel Total v<»lume of 
timber. all timber. 



~i: 

Feci B. M. Cubic feci. Cubic /eei. 

White-bark pine 1,500,000 1,500,000 

Subalpine fir 500,000 j 500,000 

Engelmann spruce 500, 000 

Total i 500,000 



800,000 I 890,000 



2,800,000 ! 2,890,000 

I 



Composition of forest in T. 8 S.^ R. 18 E., including trees of all species with basal diameters of 3 inches and 

iqnvard. 

Per cent. 
Lodgepole pine .' 10 

WTiite-bark pine 40 

Subalpine fir 20 

Engelmann spruce 30 

Township 8 South, Range 19 East. 

Topography. — The southern portion of the township is situated on the summit 
of Beartooth Plateau, and comprises a rolling tract of country at an average alti- 
tude of 9,800 feet. The central areas are made up of steep slopes and narrow, 
short spurs stretching north from the rim of the Beartooth Plateau into the 
canyon of Rocky Fork, which occupies the northern part of the township and 
marks the termination of the plateau in this direction. The canyon is a narrow 
valle}^ sunk nearly 4,000 feet below the summit of the plateau level on the south, 
and nearly 3,000 feet below the crest of the inclosing ridge on the north. The 
sides rise steeply, but not precipitously, to the crests, on the south making access 
possible to the summit of Beartooth Plateau. The valley is littered with great 
accumulations of heavy, glacial, bowlder drift. 

Jfin ing, — None. 

SoiL — Gravell}' loam, stony, and bowlder strewn. 

Agricultural adapiahllity. — The tillable land is confined to 150 acres in Rocky 
Fork Canyon. 

Grazing capacity. — The southern areas, situated on the summit of the plateau, 
and small glades in the Rockj' Fork bottoms, comprise the grazing areas. They have 
been closely sheeped in former years and their present pasturage value is small. 

DraincLge conditions. — The outflow originating in the township is compara- 
tively small. It is carried by Rock}' Fork Creek, and is used for irrigation enter- 
prises and for domestic supply in the town of Red Lodge, in the township 
adjoining on the east. 
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meadow intervening. On the slopes of Boffalo Plateau, in the western part of the 
township, the forest at the upper elevations consists of 75 per cent white-bark pine 
and 25 per cent Engehnann spruce^ much of the white-bark pine forming trees 20 to 
30 inches basal diameter and 20 to 35 feet clear trunk. At middle elevations the 
forest is chiefly made up of cloo^e-set stands of Engelmann spruce^ the trees being 

2 to 4 feet in diameter and 3<) to 50 feet clear trunk, while the lowest terraces bear 
uneven-aged stands of lodgepole pine« from 5<) to 150 vears old, thinly set or in 
more closely stocked, scattered stands separated by old lire glades. All of the 
timber in the township is difficult of access for logging operations. 

Cuttinff. — None. 

Burns. — Recent bums amount to only 350 acres. Bums sixty to eighty years 
ago laid waste 4,0<X) acres, now partly reforesting. 

lie/rroduction. — The reproductive capacity of the subalpine forest on the 
Numinit of Buffalo Plateau is low. The wide grassy tracts which occur here are 
wholly due to past fires, and as no portion of the plateau is above timber line 
tho foroHt will slowly advance and eventually reoccupy the ground, provided fires 
are provonted. Elsewhere in the township young growth is sufficient to maintain 
the proHont Ht<K*king of the stands, and where abnormally thin« old growths prevail 
abuiuiantly enough to in^^ure more close-set stands in the future. 

l/n(Ur(/n/ivtfi. -Vndergtowth is scanty at high elevations and in the close-set 
IodgeiK)lo-pino Htiinds throughout, as well as in the old, heavy, spruce growths on 
the mlddlo ti^rnuMM* of the western slopes of Buffalo Plateau. It is thick and abun- 
dant in tht3 young lodgeiKilo-pine stands on the lower western slopes of the plateau, 
consisting chiotly of St^phettiia^ with small percentages of willows. 

Litter, — Light, oxcH^pt in the spruce growths on the western slopes of the plateau, 
where vast quantities of )iprooted trees block the forest in all directions. 

IIumuH, — In the spruce growths above mentioned the humus layer varies from 

3 to (^ inches in depth; elsewhere in the township it is light or altogether lacking. 

VUmificittUm of lands in T 9 S., R. 11 K 

Acre?. 

Koreutotl 10,360 

Nonl'ureated '5. 000 

Hadly Imrued 350 

1 A)ggtjU Xone. 

Agricultural X«>ne. 

' i raziug %,.- — 3, 800 

n;uvnK:k^ 100 

i..ikt^. tK>u*lrs aiul Htn^uuiM 750 



A^^ 
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Species. 



Mill timber. 



Pole and fuel 
timber. 



Total volume of 
all timber. 



Lodgepole pine 

White-bark pine... 

Subalpine fir 

Engelmann spruce . 



Total. 



Feet B. M. 

8,000,000 
3,000,000 



27,000,000 



Cubic feet. 
7, 500, 000 

12,000,000 
2,000,000 
3, 500, 000 



38,000,000 I 25,000,000 



I 



Cubic/eet. 

8,940,000 

12,540,000 

2,000,000 

8,360,000 



31,840,000 



Compoftithn of forest in T. 9 *S'., R. HE., including trees of all species with basal diameters of S inches and * 

upward. 

Per cent. 
Lodgepole pine 55 

White-bark pine 15 

Subalpine fir 10 

Engelmann spruce 20 

Township 9 South, Range 12 East. 

Topography. — ^The western portions of the township comprise a part of the 
lower valley of Buffalo Creek, a depression with bottoms one-third mile wide and 
slopes rising in a succession of terraces to the summits of the inclosing ridges, which 
reach altitudes of 9,600 feet. The central regions comprise narrow, plateau-like 
areas, forming the divide between Buffalo and Slough creeks and breaking off to the 
latter in a succession of narrow rocky terraces. The township contains 15,360 acres, 
the two southern tiers of sections belonging to Yellowstone National Park. 

Soil. — Gravelly loam, or clayey where derived from the lavas. 

Agricultural adaptability. — ^The township contains no arable land. 

Gracing capacity. — ^The grazing lands consist of swales and glades on the sum- 
mit of the divides in the central areas and on its slopes; in all, 500 acres. 

I}rai7iage conditions. — The tract is well supplied with springs and points of 
seepage, but gives rise to no creeks of notable size. 

Snow and rock slides. — The declivities are too gentle and the stability of the 
slopes too well established for slides of any sort. 

Towns and settlements. — ^The region is uninhabited. 

Forest conditions. — ^The township is fairly well stocked with continuous stands 
of old-growth lodgepole pine, spruce, and small proportions of red fir in the lower 
and middle areas. Above the 9,000-foot contour the forest consists of the subalpine 
type, and the stands are more or less separated by small grassy glades. The tract is 
easily accessible from the south, or from the National Pai*k. 
9574— No. 29—04 8 
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Cutting. — None. 

Bunts. — None. 

Reproduction. — ^There is sufficient young growth to maintain the present 
stands. The more aged lodgepole pine is gradually giving way to spruce. 

Undei'growth. — ^The underbrash, composed of willows, huckleberr}'', Shep- 
herdia^ and sen^ceberry, is of moderate amount in the less closely stocked stands. 
In the old and thickset lodgepole pine it is nearly lacking. 

Litter. — In the eastern areas the forest is littered with great quantities of 
dead and fallen timber, killed by overcrowding. The stands in the western por- 
tions of the township contain only small quantities. 

Humus. — The forest floor in the eastern parts is covered with a layer of 
moss and pine needles 3 to 4 inches in depth. In the western areas the humus 
layer is thin or altogether la<*king. 

Classification of lands in T. 9 S., R. 1^ E. 

Aem 

Forested 14,220 

Nonforested 1,140 

Badly burned None. 

Logged None. 

Agricultural None. 

Grazing -. 500 

Bare rocks 640 

Total stand of timber in T. 9 S.^ R. 12 E. 



8p€cie«i. 



Mill timber. 



Pole and fuel 
timber. 



Total Tolume of 
all timber. 



Lodgepole pine 

White-bark pine . . . 

Red fir 

Subalpinefir 

Engelmann spruce . 

Total 



Feet B. M. 
25,000,000 



2,000,000 

1,000.000 

10,000,000 



38,000,000 



Cubic/eet. 

30,000,000 

1,500,000 

500,000 

3,500,000 

5,000,000 



40,500,000 



CvbicfeeL 

34,600,000 

1,500,000 

860,000 

3,680,000 

6,800,000 



47,340,000 



Composition of forest in T. 9 S., R. 12 E,y including trees of all species with basal diameters of S inches 

and upward. 

Per cent. 
Lodgepole pine 65 

White-bark pine 1 

Red fir 1 

Subalpine fir 4 

Engelmann spruce 29 




vl.J 
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Township 9 South, Range 13 East. 

Topography. — The eastern areas comprise high spurs radiating westward from 
the mountains at the head of Stillwater River, with the intervening canyons wide 
and having comparative!}^ gentle slopes. The central areas consist of the valley of 
Slough Creek, which, in the northern part of the township, forms a wide level 
bottom, and, in the southern, contracts to a narrow pass, 400 to 500 yards wide. 
The western areas of the towMiship are made up of long slopes, with low escarp- 
ments here and there forming narrow terraces, rising to the divide between Slough 
and Buffalo creeks. 

Min Imj. — None. 

Soil, — Gravelly loam, mixed with coarse bowlder drift. 

Agricultural adaptahility. — The level bottoms of Slough Creek, comprising 
1,100 acres, are adapted to the raising of hay. There are three ranch locations on 
this tract. The entire area actually under cultivation amounts to 2 acres, on which 
timothy has been sown. The land is occupied mainly for the facilities sucb 
occupation affords for poaching on the areas of the Yellow^stone National Park and 
for killing elk and beaver that may stray across the line into the middle Slough 
Creek Basin. 

Grazing capacity. — Grassy glades in the Slough Creek bottom and along the 
larger lateral canyons, in the aggregate 2,000 acres, serve as pasture grounds. The 
lands are not grazed, however, except by prospectors^ horses and by a dozen head 
of cattle owned by the three ranchers in Slough Creek Valley. 

Ih*ainage conditioiiH, — While the tract is w^ell supplied with springs and small 
creeks, the outflow originating within the boundaries of the township is not large. 
There are no lakelets or tarns. 

Snow and rock slides. — Infrequent. 

Toio?is and settlements. — The tract has no towns. 

Forest conditio)is. — Thickset stands of lodgepole pine, in almost all parts of the 
entire township, comprise the forest. All ages, from 40 up to 200 years, are repre- 
sented in the stands. In the younger growths the stands of lodgepole pine are 
nearly i>ure; in the more aged stands spruce and white-bark pine are present in 
considerable quantities. The timber is accessible only from the south b}' way of 
the Yellowstone National Park. 

Cutting. — Small quantities have been cut for local use by the ranchers of Slough 
Creek Valley. 

Bums. — A small area, comprising 40 acres and situated in the north-central 
portion, has been burned over i^cently. 

Reproduction. — Young growth is abundant throughout all of the stands. The 
more aged lodgepole-pine growths are gradually being supplanted by spruce and 
subalpine fir. 
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UndergrKnrth. — Underbrush is light at the higher elevations. In the bottoms 
and along the lower slopes it is abundant. 

Litter.— The forest in all directions is littered with large quantities of dead and 
fallen timber. The timber has been killed in part by overcrowding and in part by- 
fires dating back fifty years or more. 

Humws. — Generally thin in all parts of the township, and composed mostly of 
a light laver of moss and pine needles. 

Clamfiealion ofland$ in T. 9 S., R. IS K^ 

Acres. 
Forested 11,320 

Nonforeeted 4,040 

Badly burned 40 

Logged None. 

Agricultural None. 

Grazing 3,100 

Bareroclu 900 

ToUd Mand of timber in T. 9 S., R. IS E, 



Lodgepole pine 

White-bark pine . . . 

Subalpinefir 

Engelmann spruce . 

Total 



8p«ci«a. 



Mill timber. 



FteiB.M, 
32,000,000 
1,000,000 



24,000,000 



57,000,000 



Pole and fnel 
timber. 



Total volume of 
' all Umber. 



CubUiJeet. 

84,000,000 
1,000,000 
5,000,000 
5,000,000 



45,000,000 



Cvbicfeet. 

39,760,000 
1,180,000 
5,000,000 
9,320,000 



55,260,000 



CompotUum of fared in T. 9 8,, R. IS E., including trees of all species with basal diameUrs of S inches 

and upward. 

Percent. 

Lodgepole pine 60 

White-bark pine 3 

Red fir 2 

Subalpinefir 7 

Engelmann spruce 29.8 

Township 9 South, Range 14 East. 

Topography.-^ this township only 16,860 acres are in the area discussed, the 
two siouthem tiers of sections, or 7,680 acres, being in Yellowstone National 
l^irk. The wiwteni, southern, and eastern portions of the township consist of steep, 
v*urt^ uiouulsiius tnmx 8,000 to 10,000 feet in altitude, abounding in precipitous 

t'>^,.ix o Hiv4ii>u» 14 ihUi iwwiukhlm or 7,680 acres, are In the Yellowitone NaUonal Park, and are not included in the 
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slopes and craggy crests; the central areas comprise low, broad, swampy, and 
terraced tracts around the head of Stillwater River. 

Mining. — The region is mineral bearing throughout 

Minerals. — Gold, silver, copper, lead. 

Soil. — Thin top-dressings of loam here and there, generally gmvelly and 
bowlder strewn; many of the steeper slopes entirely bare of soil. Deep, loamy 
soil exists in the more swampy areas of the central sections. 

Agricvltiiral adaptahility. — The altitude of the region is too great for 
agriculture. 

Grazing capacity. — In the aggregate, 6,000 acres of the tract are grass lands. 
They comprise glades, open, nonforested mountain slopes, swampy alpine meadows, 
especially at the head of Stillwater River, sedge, and grass-covered crests above 
timber line. 

Drainage conditions. — The region abounds in springs, alpine and subalpine 
rivulets, and marshy tracts. It contains the ultimate heads of Stillwater River, 
several of the southern heads of Clark Fork, and the heads of numerous creeks 
flowing south into the Yellowstone. The volume of run-off is large and con- 
tinuous, and the tract is of great importance by reason of its water-shedding 
capacity. 

Snow and rock slides. — Frequent along all the steeper slopes. 

Towns and settlements. — Miner's claims and cabins are niunerous in the eastern 
part of the township. Cooke City, an old and nearly dead mining camp, is said 
to be situated in the southeast corner of the township, an assertion the correctness 
of which depends on the accuracy of certain surveys. 

Forest conditions. — The subalpine type of forest prevails throughout the 
township. Engelmann spruce is the leading species. The timber generally is 
small, limby, and knotty, scattered in small stands, copses, and lines. The heaviest 
growths are in the eastern sections. There is little young or sapling growth, 
most of the timber running from 100 to 175 years in age. As a source of local 
timber supply the forest is of great importance, although the quality of its 
products ranges low. 

Cutting. — Most of the forest in the east half of the township has been culled 
and cut over by prospectors and miners, the cut amounting to 10 per cent. 

Burns. — A few recent burns are scattered throughout the east half of the 
township, in the aggregate amounting to 200 acres. 

Reproduction.— ^\oyj and scanty throughout, as is usually the condition in 
the higher subalpine forest in this region. 

Undergrowth. — Small in quantity and composed of low-growing huckleberry 
shrubs to the extent of 75 per cent. 
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Litter. — ^Trifling in amount in the lower portions, almost lacking in the upper 
areas of the forest. 
Ilunms. — None. 

Oanificaiian of lands in T. 9 S., R. 14 E, 

Acres. 

Forested 5,360 

Nonforeated 10,000 

Badly burned 200 

Logged and called 4,000 

Agricultural None. 

Grazing 6,000 

Bare rocks 3,000 

Lakelets and tarns 800 

Total stand of timber in T. 9 S., R, U E, 



Speoies. 



Mill timber. 



j Fcft B. M. 

l/KlgejKile pine : 3,000,000 

Whlt<?-l)ark pine 

HiiUlpimi flr 

KfiKi'liiiann spruce •. 18, 50), 000 

Total 



Pole and fuel 
timber. 



Cubic/eet. 

4,000,000 

800,000 

4,500,000 

5,000,000 



Total volume of 
all timber. 



Cubic/ed. 

4,540,000 

800,000 

4,500,000 

8,330,000 



I 



21,500,000 



14,300,000 



18,170,000 



i hmpttmlion of foretd in T. 9 S., R. 14 E.^ including trees of all f^pecies vnth baml diameters of S inches 

and uptoard. 

Per cent. 

I i<mIj(««im»Io pin« 5 

W liU««-lmrk pine 5 

Mnlwlpinf* lir 30 

I'.titfiOninnn Hpruw 60 

Township 9 South, Range 16 East. 

'/hfHH/ntf>/it/, — With the exception of the southeast quarter, which is a region 
iit low rollof, this township comprises a mass of rugged mountains rising to 
♦ h<w»lloiN of llJMM) feet in the southwest corner and along the west line. The 
mmiIImwwI «(Uiirlor has an altitude of from 8,000 to 9,000 feet, and comprises 
.|rn|i. Mirkv rlUgt^s and dome-like hillocks more or less isolated by the interpo- 
..IIImm of iHvhioM ami glacial cirques. The upper portion of Clark Fork and the 
ItiMiMlwuh^r rut tho township from northwest to southrast. 

Miitihi/, Tin* southwest quarter of the township is mineral bearing, and in 
II iniua » lulniM^ \{H yot chiefly prospects, have been located. It forms part of 
(ooIh; (Ih ilMvlot. 

Min.nth. (lohl, Nilver, copper, lead. 

'"ii'tf U\i\\\y\\\ \\m\u mostly thin and stony. 




TOWNSHIP DESCBIPTI0N8. 119 

Agricvltvral adaptahility, — None of the lands in the township are agricultural 
in character. 

Grazing capacity, — The township contains many marsh}' glades along its 
streams and tarns; large areas of the northern portions are situated at or above 
timber line and present gi-ass- or sedge-covered slopes. These tracts are suitable 
for pasturage, but are not utilized. 

Drainage conditions, — The outflow from this township is very large and 
continuous. The chief water heads of Clark Fork rise in it; of these there are 
two, the main Clark Fork and the Broadwater. The former is a small stream 
12 to 15 feet wide and 10 to 18 inches deep at medium stage: it flows in a 
wide canyon which in the southeast corner of the township ends in a broad flat. 
The Broadwater tributary is sunk in a deep, rock}- canyon, the central portion 
of which has a remarkably level floor, the total fall in a distance of nearly 3 
miles probably not exceeding 5 feet. The stream varies from 40 to 600 feet in 
width and from 15 inches to 8 feet in depth. Here and there it expands into 
lakelets, some of which are one mile long and nearly one-half mile wide. A 
short distance above its junction with Clark Fork, in the southeast corner of the 
township, the stream leaves its canyon through a narrow gorge, aflfording an 
excellent site for a storage dam. The hydrographic features of this township 
are of the greatest importance to the maintenance of the flow in Clark Fork. 

Snom and T<jck slides, — In the high areas of the township avalanches are not 
uncommon. 

Forest conditions, — The central areas of the township are covered with close- 
set stands of lodgepole pine and Engelmann spruce, mostly old growths. On the 
high-h'ing tracts the forest, subalpine in type, is low and scrubby, and is scattered 
around the margms of tarns and in the more sheltered localities in the hollows 
and ravines. 

Cutting. — Near the junction of Clark Fork and its Broadwater tributary 60 
per cent of the timber has been cut on 3,000 acres. The timber was used partly 
for fuel and mill timber and partly in the burning of charcoal for use of a 
former smelter in Cooke City. 

Bums. — A few small burns occur in the southeast quarter of the tract. 

Reproduction. — Abundant, except in the high subalpine areas. The 3'oung 
growth is composed of the same species and in nearly the same nitio as the old 
stands. 

Undergrowth. — Light. 

Litter. — Litter, composed of timber killed by overcrowding, is of moderate 
volume in the stands at the lower elevations. In the subalpine forest it is 
nearly lacking. 

Humiis. — Light, mostly totally lacking. 
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Gulch is small and intermittent. None of the streams supply water for irrigation 
purposes. 

Sn/nc and rock dldef<, — Frequent in Hell Roaring Can3'on. 

Towni< and i<ettletnenti<, — Miners' cabins along Crevice Gulch; no towns. 

jFf/resf canditirms, — The western portion of the township is well stocked with 
close-set lodgepole-pine stands 75 to 150 3' ears old, except the lower areas of 
Crevice Gulch, where voung or middle-aged red-fir stands predominate. The forest 
in Hell Roaring Canvon consists of red fir, with stands of nearly pure-growth 
lodgepole pine 75 to 90 vears old. these lodgepole-pine. stands representing burns 
of that age. The red fir is of small dimensions, limby and stocky, 16 to 24 inches 
in diameter, 50 to 75 feet in height. Engelmann spruce occurs in small quantities 
throughout. Close-set aspen groves cover most of the swamp\- and, springy tracts 
in Hell Roaring Can3'on. 

Cutting, — Small quantities in Crevice Gulch for local use. 

Bums, — Small burns, aggregating 2(Mj acres, occur in the northeast corner of 
the township on the slopes of Hell Roaring Canvon. 

Reproduction, — SuflScient to maintain the present densit3' and composition of 
the forest. 

Undergr&wth, — Small in quantity, consisting of the common low-growing 
shrubs of the region, chieflj^ huckleberr3' and Shepherdia, 

Litter, — Moderate, consisting of dead and fallen timber. 

Ihimus, — A thin la3'er of decaying pine needles. 

Clamfication of lands in T. 9 S., R. 10 E. 

Acres. 

Forested 13,240 

Nonforested 2,120 

Badly burned 200 

Logged None. 

Agricultural None. 

Grazing None. 

Bare rocks 1, 920 

Total stand 0/ timber in T. 9 S,, R. 10 E. 



SpecieH. 



Mill timber. 



I Pole and fuel 
timl^er. 



Total volume of 
all timber. 



1 



I 



Feet B. M. 



1 



Lodgepole pine 12,000,000 



White-bark pine 

Red fir 

Subalpine fir 

Engelmann spruce 

Aspen and cottonwood 



1,000,000 
30,000,000 



3, 500, 000 



Cubic/ed. 

26, 000, 000 
1,000,000 
8,000,000 
1,300,000 
1, 500, 000 
450,000 



Cubic/ed. 
28,160,000 
1,180,000 
13,400,000 

i,afoo,ooo 

2,130,000 
450,000 



Total 46,500,000 ; 38,250,000 



I 



46,620,000 
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Composition of forest in T. 9 aS'., R. 10 E,^ including trees of all species fn'th basal diameters of S inches 

and upward. 

Per cent. 
Lodgepole pine 25 

White-bark pine 1.5 

Red fir 65 

Subalpine fir 2 

Engelniann spruce 6 

Aspen and cotton wood 5 

Township 9 South, Range 11 East. 

Topography, — The portion of the township within the forest reserve comprises 
15,360 acres, the two southern tiers of sections being situated within the' Yellowstone 
National Park. The eastern areas of the township consist of terraced breaks and 
slopes leading into the valley of Buffalo Creek. The central portions comprise tracts 
situated on the summit of Buffalo Plateau — a narrow, undulating table-land intersected 
with numerous low combs and ridges of rock and dotted by lakelets and tarns. The 
western portion is formed by terraces and slopes leading from the summit of Buffalo 
Plateau into Hell Roaring Canyon, sharp, precipitous breaks marking the last descent 
to the bottom of that valley. The altitudinal range varies from 7,200 to 9,500 feet. 

Mining, — None. 

Soil, — Gravelly loam, stony, with much bowlder drift throughout. 

Agricultural adaptahility, — None of the lands in the township are tillable, being 
too stony and at too high altitude for agricultural purposes. 

Grazing capacity, — The grazing lands of the township comprise 4,000 acres and 
consist of grassy glades, in part swampy, in Buffalo Canyon and on its teriticed western 
slopes, of level and rolling grass- and sedge-covered summits of the plateau area, 
and of fire glades, scantily reforesting, on the western slope of the plateau. The 
grazing areas have been moderately sheeped in the past, but were not used by any 
kind of stock in the summer of 1903. 

Drainage conditions, — The run-off is large. The township is a sort of natural 
reservoir to the lower portions of Hell Roaring and Buffalo creeks. Pools, ponds, 
marshy tracts, springs, and rivulets abound throughout its area. The summit of 
Buffalo Plateau is remarkably well supplied with springs and ponds. 

Snoxc and rock slides, — Apparently not frequent. 

Towns and settlement's, — None. 

Forest conditions, — Most of the stands in the township consist of old growths, 
100 to 150 years old. The eastern areas are forested with close-set stands of lodge- 
pole pine, pure or mixed with spruce, or occasionally, at the lower elevations, with 
red fir. The forest on the summit of Buffalo Plateau is chiefly of the subalpine 
type — white-bark pine, Engelmann spruce, and subalpine fir, the spruce predominat- 
ing. It occurs in thin lines and scattered groups with tracts of grassy glades or 
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^firmt m T. 9 Sl, R^ l*f E.^ tnKuMivH^ frr^ <>/ aU ^ttcin wiik hatal dinwketen of S i^ck^M 

amd mpvttrd. 

P*r«nt. 

LMfR^uut paw <» 

W^iiK-terk pine. 2 

fohaL^iiiif fc— ft 

Fnwffftnigm Tfynnc» 32 

TowxsHiF 1> SocTH* Range 17 East. 

T^p*frrfi!pfk^^ — ^TW ^iioaibeftsl qiuurter of the township comprees rollii^ trmet^ of 
piiiiKaa. ]asa\ — |K>nMNft> of the ^o-odled Bemitooth PhteAo. The rest of the township 
':ijm<&$i£^ of aiwQatm£Bi> UmM^ to 1:^«0>» feet high ami of immeffc^e rockr ami bowlder- 
Qojurtsd <nftaw«^f&s. Tlie entire regioQ« with the exception of a few areas^ b high and 
^mi» in. •rinutfek'Cer. 

JUi/mif/uj^ — Xooe. 

.>/r7. — Thin, gravelhr^ howkler ^rewn« except arocmd the mojrgini^ of tarns and 
liiktiiifC^ wat»r«e I^jabit constituents are more or Wt^ oiLxed with the grarelhr sah^rata. 

±'P^*Tnlvyvrtl nirj^tiM^iiit^. -The township contains no araUe land. Its ahimde 
wijuiii ni ajiT •*Tent peeclude agriiHiUunU operatii>Qs. 

*-rr*u:*<i^ff •:*c[^i»:i^n^ — The r^^fiou is 4x>Yereil with a low growth of alpine sedgi»s or 
XTTics- wtiHireT^c aaj ^oil cover exists, lu past vcars it hafcs been extennrively used for 
-i^eep pik^eure. buc^ with the exclusion of sheep f rvHU the rer?enre, cattle were the only 
k:nii oc scuxk. «>& the tract last vcnr. AKhii vHie-haLf shows marks of excetssrre 
saeepinjx *^nL the partiil det^trxiictk^ of the ^n*ss ix>ver. 

L^^e^fht^fr ••/^it/c/rv.— The western auvl wntral an*as abound in lafci?Jets and tarns* 
^cTiur< iQii small marshes^ and form im^K^rlant natural reservofrsv in part to Bockj 
F j»ct Creek anti in j^krt to Clark ^\»rk^ 'l^eiK^rtheman?as carry snow tlirociiftioac the 
-itinimer t*i many Nx'aLities^ at».l the U^al ruu-v^ frv»iu the tract l> lar^ and «^atinaoi2Sw 
vi*yw f:i..t r*'*:ic.^^t*i"t-^ — Kockanvt sik>xy sliviesareof frei^uent occurrence tiin.^u^- 
.)ut ciw m.^ctheni arvasv Mad sKpe< carry it^^ vast tuass^'s of bowlder taiiL- ^Ln*i tirift. 
:4i>^ tjiimion an.^cjjspi the h^her-lyiB^ taru> aint ou tuauy v>f tbe sti^e^vr >lope?% 

ytt-^M -^ftuo^im^-K. — Tbe towttship vx^ulaiiv;^ uv^ forv^ste^l areas. In co^h sj'uthem 
{K>rtioiis ^tnaii '.vps^fs and thin lines v»f >Khitc-k»ark jHue auvl s^>nxce* wich an iinder- 
^n»wtii It wtUowsv border the tam»> aokl rivulets. 

Oittmik^itHftt 'if IttHaiii^ tit T. ;v S., /C .'.^ 6\ 

K<>rt*t«?*4 ^.. >f«.>ite. 

NouiuJt*4jt*i :!S. H«J 

\i^m*utttinu ^m». 

< » ra«xt^ . . - '."y. JW 

I »aiv ri»*5kc^, ... >. "KjU 

I .;^k.vivW ami t;lrHc^ i. >iA) 
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Township 9 South, Range 18 East. 

Topography, — This township is included in what is known as Beartooth Plateau, 
a rolling tract of country-, situated mostly at elevations of 10,000 to 11,500 feet, 
on the east stretching into adjoining township, and on the west breaking off with 
vast elitfs and precipices to the depths of Rocky Fork Canyon. The summit of 
the plateau is intersected with combs, ridges of rock, and heaped-up masses of 
bowlders, while shallow draws, gullies, and ravines break the levels in various 
directions. 

Mining, — None. 

Soil, — Gravelly loam, with the surface in most localities strewn with bowlder 
drift. 

Agricultural adaptability , — No portion of the township contains any arable land. 

Grazing capacity, — With the exception of precipitous slopes, mostly confined 
to the western areas, the entire tract is covered with a close turf or sward of 
alpine sedges, grasses, and low herbaceous plants of other orders. The tract lias 
heretofore been excessively sheeped, and much of the former grass growth has 
been eaten out. 

Drainage conditions, — The run-off from the tract is comparatively small. 
There are, however, numerous small springs and points of marshy seepage, with 
occasionally a group of tarns, while man}' of the shallow draws hold banks of 
snow throughout the summer. 

Smnc and rock slides, — Avalanches of snow and rock are not infrequent in 
the western areas, falling from the summit of the plateau to the bottom of Rocky 
Fork Canj'on. Mud slips, sometimes nearly a half mile in length, exist in manj^ 
of the shallow draws on the summit of the plateau, and are slowly sliding toward 
its breaks. 

Towns and settlements, — ^The district is uninhabited. 

Forest conditions, — The forested areas are small. The}' dot the plateau in vari- 
ous directions up to altitudes of 10,000 feet, and line the canyons in the southern por- 
tions of the tow^nship and the bottoms in Rocky Fork Can3'on with sparse and thin 
groups of trees and copses. Most of the forest has a precarious existence, owing 
to its position at or near timber line. It consists wholly of the subalpine type, 
chiefly white-bark pine and Engelmann spruce. The trees are low, stunted, and 
scrubby, and are valuable only for fuel. 

Cutting, — None. 

Burns, — None. 

Reproduction, — Young growth is sparse, barely sufficient to insure the continu- 
ance of the present thin stockage of the stands. 

Vndergroivth, — In the timber the under})rush consists of scattered willows. 
The springy and swampj' areas on the summit of the plateau at alpine elevations 
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are invariably covered with a dense matting of willows wherever sheep "have not 
destroyed the growth by browsing and trampling. 

Litter. — None. 

Humus. — ^None. 

daasificaUon of lands in T. 9 S., R, 18 E, 

Acres. 
Forested 1,800 

Nonforested 21,240 

Badly burned None. 

Logged None. 

Agricultural None. 

Grazing 17,500 

Bare rocks 3,000 

Lakelets and tarns 740 

Total stand of timber in T. 9 S,, B. 18 E. 



Species. 



White-l)ark pine.. 

Hnlialpino fir 

Knirclmann sprua^ 



Mill Umber. 



FeH B. M. 



Total. 



1,000,000 
1,000,000 



Pole and fuel 
timber. 



Cubic feet, 
650,000 
200,000 
550,000 



1,400,000 



Total volume d 
all timber. 



Cubic/ect. 
650,000 
200,000 
730,000 



1,580,000 



(SimpoHlthn o//(freti(in T, 9 *9., R, 18 E,, including trees of all species with basal diameters of 3 inches and 

uptcard. 

Per cent. 

VVIilto-bark pine 15 

HulmlplmHlr 25 

IChtfulniuiin Hpnai- 60 

Township 9 South, Range 19 East. 

l\^fH^fiVfihy, Tho township consists of a plateau-like area — a portion of 
mu^ilMMlli PliitiMiu varying in altitude from 10,000 to 11,000 feet. The surface is 
u»lhiiy iMiil InliM'MortiHl with low combs, ridges, and shallow canyons, the latter of 
N\lli(^h tlmt^lup tinniohHo rocky gorges along the east and west lines of the township. 

MituH^f, Nnuo. 

\tut. Omvi^lly loam, the surface ston^^ and bowlder strewn. 

li/iii i//fui'iil ihliiptahlHty, — Owing to the high altitude of all portions of the 
ili/ani t iMiito lU'o ouUlvi^ih^ 

ih'it^in\f nijHicity. With tho exception of 3,000 acres the township consists of 
u{\v\\ liiiul, ot»viuvil \\\W\ ulpino grasses and sedges. The tract has been excessively 
nlirriuul tluriii^f jhm iuU covering many years up to the past summer of 1903, and the 
\\\\\W\ \M\vi wi \\\\\ luu'Uigo hiiH \\WM\ oaten and trampled out. 
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Drainage capacity, — Only a very small outflow originates in the township. 
Springs, places of seepage, and one or two tarns occur on the summit of the plateau. 

Snow and rock slides. — Apparently infrequent. 

Towns and settlements. — The township is not inhabited. 

Forest conditions, — The forest is limited to a few small stands of subalpine type 
occurring in the southern areas of the district. It is inaccessible except for local 
use, and has chiefly a fuel value. 

Cutting, — None. 

Bums, — A small tract comprising 100 acres has been burned over. 

Reproduction, — Reproduction is exceedingly scanty. Apparently the forest 
occupies less ground now than in former times, owing probably to repeated burnings 
of the grassy tracts and destruction of the forest fringing them, and subsequent lack 
of reforestation. * 

Undergrowth, — Chiefly low-growing willows. 

Litter, — Very li^^ht. 

Huraus, — None. 

Clamfication of lands in T, 9 8., B, 19 E, 

Acres. 

Forested 2,500 

Nonforeeted 20,540 

Badly bumed 100 

Logged None. 

Agricultural None. 

Grazing 20,000 

Bare rocks 440 

Total stand of timber in T, 9 S,^ B, 19 E, 



Species. 



Mill timber. 



Pole and fuel 
timber. 



Total volume of 
all timber. 



Lodgepole pine . . . . 
White-bark pine . . . 

Subalpine fir 

Engelmann spruce . 

Total 



FeetB.M 



I 



2,000,000 



2,000,000 



Cubic/ed. 
200,000 
350,000 
800,000 

1,000,000 



2,350,000 



OuMc/eet. 

200,000 

350,000 

800,000 

1, 360, 000 



2,710,000 



Composition of forest in T, 9 S,^ R, 19 E.^ including trees of all species with basal diameters of S inches and 

upward. 

Per cent. 
Lodgepole pine 4 

White-bark pine 26 

Subalpine fir 40 

Engelmann spruce 1 30 
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TowxsHiF y South, Ranoe 2«> Ea^t. 

TojKHfmphy. — The western and central areas of the township consist of a 
plateau-like region varying in elevation from 1MJ»J to nearly 11,«J<X> feet. The 
surface is broken into long, low swells, short combs of rock ^>» to 4<^> feet 
high, })road levels, and intersecting shallow draws or ravines that form the 
water heads of varioiLs creeks The eastern areas consist of excessively steep 
and precipitous breaks to the levels which border Clark Fork, forming a front 
to the plateau nearly 5,0«»«) feet in height, and of a narrow jutrip of level or 
ix>lling desert hind fringing the foot of the plateau. 
JA/// //?f/. — None. 

Sn!L — The soil is gravelly, except along the foot of the plateau, where it is 
uioiv or less loamy. The summit of the plateau is mostly bowlder strewn. 

A(jrlcultui\d adaptability.— Thi^ plateau areas are situated far above the 
jiltitudiual limits for agriculture: the desert strip at the eastern foot of the 
plateau is without water for irrigation. 

iirazliaj capacity, — The summit of the plateau and the level areas at its foot 
;irt^ t^rass or ^^^^ covered. Up to the present the tracts have been closely and 
« xit'ssively sheeinnl and have therefore only a very low grazing value. 

Prainttijt. conditions. — The run-off is small. Springs and points of seepage 
occur in many localities on the summit of the plateau^ but the small creeks to 
whitli tlu»y give rise are mostly dry ruas before they reach the levels at the 
loot of the plateHU. 

SfuHC tind rock nlides. — Frequent along the steep declivities of the eastern front 
.>i tiir plateau. 

T'ui^ttfi *ukd KtttlAfnuintifi. — None. 

I'nrtM fUfidition^i. — Thei forest is thin and scattered. It consists wholly of the 

-ui»alpiin» Ivpe, white-l>ark pine and Engelmann spruce being the dominant species. 

it i^ • hii'ilv Hii old growth, and is mostly confined to the slopes and breaks of the 

:i>ii III irohi ol' (hi? plati^u. Its value w principally for fuel and the stability it 

iipiiriN lo I he liKwc (aluH slopes where it grows. Most of it L* inaccessible. The 

-.mi mil of iln» plattniu lies for the most part above timber line. 

'///,;. Nunc. 

.•■..s, A iract ill the east-centi'al area, amounting to 5«>> acres, has been 
..; .»M'i vviiliiu llio hist MX or eight years. 

MM ..'/*. Yvmug and sapling growth is scanty throughout: the burned- 
-•■-•- ,uf ;oior*v*iin|jf tanlily. 

. «. S^HMvo tlu*uughout; mostly willows and Shtphtrnlia. 

u' HU iied-ovor dintricts there are moderate (4uantities of dead and 
• --^^^^otuv the litter is light or lacking. 
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Classification oflnnds in T. 9 *S'., R. 20 E, 

Acres. 

Forested ... 8,880 

Nonforested 19,1«0 

Badly burned : 500 

Logged None. 

Agricultural None. 

Grazing 18, 000 

Bare rocks 660 

Total stand of timber in T. 9 S., R. 20 K. 



Species. 



Mill timber. 



Pole and fuel 
timber. 



Fat B. .1/. 



Lodgepole pine 

White-bark pine . . . 

Subalpine fir 

Engelmann spruce . 

Total 



1,500,000 



I Cubic frtt. 

.1 1,000,000 

.1 2,000,000 

1,000,000 

2,000,000 



1, 500, 000 



6,000,000 



Total volume of 
all timber. 



Cubic feet. 
1,000,000 
2,000,000 
1,000,000 
2,270,000 



6,270,000 



Composition of forest in T. 9 S,, JR. ^0 -E., inclndi)ig trees of all species loiih basal diameters of 3 inches and 

upward. 

Per cent. 
Lodgepole pine 30 

AVhite-bark pine 35 

Subalpine fir 10 

Engelmann spruce 25 

TOWNSHIPS ADJOINING THE ABSAROKA DIVISION. 

The following-described tracts, to wit, T. 7 S., R. 19 E.; T. 7 S., R. 20 E.; T. 
8 S., R. 20 E., adjoin the Absaroka division on the east. As they are partly 
forested from the termination of the timbered areas stretching west, and may in the 
future be included in the forest reserve, the estimates and detailed descriptions have 
been extended to cover them. 

Tow^NSHiP 7 South, Range 19 East. 

Topography, — The central and southern areas comprise steep, rocky spurs, 
rising to form divides between West Rocky Fork and the Red Lodge Creek 
drainage and reaching elevations of 9,800 feet. The northern portion of the 
township consists of rolling foothill areas intersected by many shallow ravines 
and gulches. 

Minin cj. — None. 

Agricultural adaptability, — ^The mountainous areas are too rough for tillage, 
and the foothill region is so ston}'^ and so cut up with ravines and gulches that 
farming is practically impossible. 
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Grazing capacity. — ^The foothill areas are grassy and serve as pasture lands. 

Drainage conditions. — The run-off originating in the township is insignificant 
in volume and consists wholly of the outflow from small springs. 

Snow and rock slides. — Along the steep fronts of the spurs in the central 
areas rock slides are not uncommon. 

Towns and settlements. — None. 

Forest conditions. — The bases of the mountains in the northern areas are 
fringed with close-set stands of lodgepole pine and aspen 20 to 36 years old. 
The middle elevations are temporarily deforested through the agency of extensive 
forest fires. The upper areas carry thin and scattered stands of subalpine 
growth, low, scrubby, and only valuable for fuel and for the stability they impart 
to the steep slopes. 

Cutting. — In the southeast quarter of the township practically all the timber 
on 1,500 acres has been cut, chiefly as fire-killed timber. 

Bums. — Extensive fires have laid waste much of the forest. The front of 
the spurs, where they abut on the foothill areas, have been swept nearly clean 
of living forest. Most of the fires date back six or seven years. 

Reproduction. — ^The restocking on the burned-over tracts is progressing slowly. 
About 50 per cent are covered with growths 4 to 6 years old. On the others no 
reforesting process has yet begun. In the foothills young growth is exceedingly 
abundant, and the aspen and lodgepole-pine stands are slowly pushing out into the 
hitherto nontimbered lands in the north part of the township. In the subalpine 
areas the young growth is scanty. 

Undergrowth. — In the green timber underbrush is sparsely represented; on the 
burned-over areas not reforesting, a brush growth, chiefly composed of Ceanothus^ 
thickly covers the ground. 

Litter. — Moderate quantities of fire-killed timber litter the forest in the 
foothills and at medium altitudes. 

Humus. — None. 

Classification of lands in T. 7 S,, R. 19 E. 

Acres. 

Forested 12,040 

Nonforested 11,000 

Badly burned 6,000 

Logged 1,500 

Agricultural None. 

Grazing 3,000 

Bare rocks 2,000 
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Total Htand of timber {pole mid fuel), in T. 7 S.y R. 19 E. 

(!ubic feet. 
Lodgepole pine 1, 000, 000 

White-bark pijie 

Subalpine fir 900, 000 

Engelmann spruce 

Total 1,9(X),000 

Composition of forest iji T. 7 S., R. 19 E., includimj trees of (dl specieji with baxnl diamet'rs of S inrhen aud 

ujnrard. 

Percent. 

Lodgepole pine 82 

White-bark pine 8 

Subalpine fir 4 

Engelmann spruce 8 

Aspen and cottonwood 3 

Of the very young growth, comprising trees 2 inches t<i 2i inches in ba^al diameter, aspen forms 
20 per cent. 

Township 7 South, Range 20 East. 

Topography. — With the exception of six sections in the southwest portion the 
township consists of level and rolling tracts of agricultural and grazing lands. The 
mountain areas comprise low, broken terminations of spurs stretching eastward 
from high divides in the township adjoining on the west, and vary in altitude from 
1,000 to 1,500 feet above the adjacent levels on the east. 

Mining, — No ore deposits arc known to occur. In several places in the western 
portion of the township limestone is quarried and burned to quicklime. Coal is 
mined at Red Lodge, in the eastern areas. 

Soil, — Deep loam in the valley bottoms, gravelly and thin on most of the 
uplands; mixed with a great deal of bowlder drift along the west line. 

Agricultural adaptability. — The lands are agricultural in character where the 
soil is not too stony nor the contours too steep, and where water for irrigation is 
obtainable. The mountain areas in the western portion of the district are not 
cultivable. 

Grazing capacity. — The level and rolling trncts where not tillable are used as 
range ground. 

Drainage conditions. — There is only an insignificant volume of run-off origi- 
nating in the township. It is all comprised in the discharge issuing from a series 
of small springs along the base of the mountains in the district. 

Snow and rock slides. — None. 

Tmons and settlements, — The eastern and central areas contain numerous farm- 
steads on the agricultural lands. The city of Red Lodge is situated in the south- 
east quarter of the township. 
9574— No. 29— <H 9 
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F..r..Mt ////.</// /////^. -The forest ron.sLst< of thin, poorly .-stocked .stands of lodg^e- 
pt/ln pin*? and red tir. and is confine<l to the mountain areas and to a narrow strip of 
a« I joining f<>^thill region. Small -stands of very «'lop4e-set aspen and lodgepoie pine 
pti>h out fn>m the foothilU into the agricultural areas along the various ravine^^ and 
[)«»ints of seepage. Most of the forest i> in the {K)le stage. :i5 to 4<> years old. 

< 'ntt*mj. — Forty per cent of the stands have been cut over, the 4'ut varying from 
'>•► per cent to total. The timber has been ased for props in the coal mines at 
Red Lodge, and there and at other lo4*alities for fcnt*ing and fuel. 

RnniM^ — Fires within the past ten vears have destroyed the timber on tracts 
aggregating 1.2!«h» acn.»^. 

R^l/r*t4bn:tifnt. — Very -i<'anty on the areas burned over within recent yean*: 
abun<lant elsewhere and composed mostly of loilgepole pine and aspen. 

rhd^r*j/^**rth. — Light or none in the green forest. On the burned-over ground 
f^'tntnthu,^ r^hftittHH \> springing up in dense masses. 

Z/V/^r. — A -mall quantity of dead and down pole timF>er remains on the bums. 
Most of the tire-killeii timber was long ago cut off and I'onverted into fencing, mine 
pn)ps, and fuel. There L^ not much litter in the green stands. 

H^i/tt }fi*. — None. 

ClftmijuyUion tjf kimU in T. 7 >*.. R. ^j E. 

Acres. 
Foresteii r 3,830 

Noniorwfte*! 19,200 

B»ilybarnetl 1.200 

Lo^l 2,000 

Agricultaiul-i^nLEiiijz IS. 000 

TUttl ntftnd of timber [poU and fuel) in T. 7 S.^ It Sf) E, 

Oibic feet. 
Limber pine, loijsep* >le pine, red fir 7n0,000 

Cnmpomtiun offortaL in T. 7 S., R. ^? E,, inciuding tree!* of till specten ftUh basal diameterf ofS incbeai and 

upward. 

Percent. 
Limber pine 3 

Lodgepule pine 75 

Re^l tj^ 5 

A^pen an<i eottonwotnl 1? 

Township 8 South, Range 20 East. 

Topp^rraphy. — The western portion of the township is a part of Btartooth 
Plateau* a level and rolling tract of alpine and subalpine coiiutry risbig to alti- 
tudes of 10J»<) and lljH.H.) feet. The central areas comprise a series of cliJfs and 
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extremely steep and rock}' descents where the plateau breaks off to the plains of 
Clark Fork Valle>\ A narrow strip of this plain, in part intersected with short, 
broken ridges and shallow ravines, fills the eastern areas. 

Mining, — None. 

Soil. — In the ea^^tern areas ela}^}' or gumbo soils prevail. In the western 
areas gravelly loam, stony and bowlder strewn, is found. 

AgricnltHral adapfahility, — Small tracts in the eastern portions of the town- 
ship are tillable under irrigation. The remainder contains no arable land. 

Grazing capacity. — The summit of the plateau region has long been used as 
sheeping ground. It carries a thin sward of alpine sedges and grasses. It has 
been badly overgrazed and its present pasturage value is low. The central areas, 
composed of steep breaks, have no grass cover. The eastern tracts were formerh' 
used as ranges, but have been so closely pastured that their present condition is 
practically that of a desert. 

Drainage conditions, — The outflow originating in the township is very small. 
It is carried by short creeks which head in the steep eastern front of the 
plateau. Most of the flow sinks at the foot of the plateau. 

Snow and rock slid€J<, — Infrequent, and confined to the steep scarps of the 
plateau. 

Tmctis and settlement^,— The settlements are limited to the eastern areas, and 
consist of two or three farm buildings on one of the small creeks at the foot of 
the plateau. 

Forest cmiditions, — The forest is confined to the steep breaks and fronts of the 
plateau, and consists of stands of sapling lodgepole pine in the lower, w^ith white- 
bark pine and spruce in the upper, areas. At the foot of the plateau red fir and 
Umber pine in small ^proportions are mixed with the lodgepole pine. The growth 
has only a fuel value. 

Cutting. — Small quantities here and there along the foot of the plateau. 

Burns. — Small tracts in the north-central areas, and thence extending south- 
ward, have been badly burned within the past six or seven years. The largest block 
of burned-over ground is just south of Grove Creek, near the middle of the 
township. 

Repi'oducti<yn, — Young growth is generally abundant at the middle and upper 
elevations, and is cliiefl}' composed of lodgepole pine. At the lowest levels it is 
scanty. In the northern areas spruce and w^hite-bark pine prevail. 

Undergrcncth . — Light. 

Litter, — A small amount of dead and fallen timber. 

Humus, — None. 
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Clamjication of land m T. 8 S., R. 20 E, 

Acres. 
Forested 7, 040 

Nonf<>re8te<l 16,000 

Badly burned 1,800 

Logged (culled) 800 

Agri(!ultural 500 

Grazing 12,800 

BarerockH ' 900 

Ibtcd stand of timber (pole and fuel) in T, 8 S., /?. £0 E, 

Cubic feet. 

Lumber pine 20, 000 

Lodgepole pine '. , 3,600,000 

White-bark pine 800,000 

Red fir 150,000 

Subalpinetir 900,000 

Engelniann spruce 800, 000 

Total 6,170,000 

Compos'd'ion offored in T. 8 S,, R, SO E.^ including trees of all species with basal diameters of 3 inches and 

vpuxird. 

Per cent. 
Lumber pine* 0. 1 

L(Mlger)ole pine 35 

White-bark pine 25 

Red fir 4 

Subalpine tlr 10. 5 

Kngelmann Hpruce 29 

LIVINGSTON AND BIG TIMBER QUADRANGLES. 

The Absaroka portion of the Yellowstone Forest Reserve, in Montana, is repre- 
Kontod in part on the Livingston and Big Timber atlas sheets of the topographic 
map of the UniU^.d States published b^' the United States Geological Surve3\ The 
Livingston quadmnglc contains 30 i)er cent and the Big Timber quadrangle 13.5 
per cent of the area discussed. 

The present examination was made primarily to classify' the lands and estimate 
the timber within the boundaries of the reserve, but the land classification and 
timber estimates have been made for tracts beyond the reserve boundaries in order 
to include all of the Livingston and Big Timber quadrangles, and the following gen- 
eral description of the different chisses of lands has l)een added to the report. The 
accounts of sylvicultural conditions in the reserve apply equally to the forested 
areas in these (juaclrangles beyond its boundaries. 
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L.IVIXGSTOX QUADRAXGTjE. 

LOCATION. EXTENT, AND CLASSIFICATION OF LANDS, 

The Livingston quadrangle is situated in Montana between 45^ and 46^ north 
latitude and ])etween 110*^ and 111^ west longitude, comprising an area of 2,140,664 
acres. The lands consist of forest, woodland, and nontinibered tracts, with the 
acreage of the several chisses shown in appended table: 

ClansitircUion of lands in the Livingston (juadranglej }fonta}ta. 

Acres. 

Forested 8S6, 120 

Woodland 54, 000 

Nontimbered 1 , 206, 544 

Total 2, 146, 664 

The nontimbered lands comprise tracts of great diversity in their topographic 
and physical features, owing to the altitudinal differences in their position. They 
are here divided into four general classes, as shown in the following table: 

Chssijicatlon of nontimbered hnds in the Linyujston quadrangle^ Montana. 

Acres. 

Agricultural 256, 356 

Grazing 712, 115 

Bare rocks and high alpine 227, 433 

Lakes and tarns . 10, 640 

Total : 1 , 206, 544 

TOPOGRAPHIC FEATURES. 

The quadrangle comprises two marked divisions — a southern, made up almost 
wholly of rough mountain areas, and a northern, consisting of rolling, semiarid 
plains, hemmed in by a stretch of mountain rampart along the west side and 
rising into a small tract of iiigged and rocky heights in the north-central areas. 

The high relief in the southern portions of the quadrangle is formed by portions 
of the Gallatin Range and by the north half of the Absaroka Range, both of them 
eastern extensions of the Rockies. The low relief, aside from the canyons and 
short valleys in the interior of the mountain regions, is formed bv the valley of 
Yellowstone River, bisecting the district from south to north and separating the 
Gallatin and Absaroka ranges by a comparatively broad valley. 

The portion of the Gallatin Range within the quadrangle consists, in its 
northern part, of a narrow, rocky crest, fronting rather abruptly on the valley 
of Yellowstone River and sending out short, steep spurs. With a westerly- trend 
the crest line of the range gradually passes beyond the limits of the quadrangle 
until, in the southwest corner, the range is represented only by eastern termina- 
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tions of long and broken spurs. The canyon s^'stem consists of narrow, sh'ort 
troughs with mpid descents. The mean elevation of the range, including its 
innnediate slopes, is 8,200 feet, approximately; isolated knobs on a few of the 
higher ridges attaining altitudes of 1U,(H.0 feet. 

The Absaroka llange consists of a huge uplift of granite flanked by limestones 
and outflows of Tertiary lavas. It is a very rough and rugged region, deeply and 
extensively sculptured by the erosive power of the vast glacier field, which in 
times past covered its entire area. The tract is a succession of deep, diflf-lined 
canyons and tortuous ridges, the larger with a generally north-south trend. The 
crests of the ridges are mostly narrow and sharp, presenting vast masses of cracked 
and crumbling overhang. Occasionally they widen and are studded with peaks and 
pinnacles, or Ijecrome broader and expand into plateau -like tracts. Their slopes, as 
they front on the valle\s and canyons, are remarkably steep, frequently rising 
in scarps and precipices l,00o to 2,000 feet in height. Vast ([uan titles of talus 
extend up the slopes and deep deposits of bowlder and gravel drift litter the canyon 
bottoms. The mean elevation of the tract outside the immediate canyon floors is 
estimated at 8,5(M) feet. Here and there peaks reach altitudes of 11,000 to 12,000 
feet; but none of the tracts reach the line of perpetual snow on all slopes. 

The high relief of the north half of the quadrangle is formed by a section of the 
Bridger Range and the southern termination of the Crazy Mountains. The Bridger 
Range, a northward continuation of the Gallatin Range, consists of a narrow, ser- 
rated, extremely rocky ridge, rising sharply from the levels of the surrounding table- 
land, buttressed by numerous short and steep spurs and indented by a multitude of 
rifts, ravines, and gorge-like canyons. The average elevation is about 7,800 feet, 
while points along the crest attain altitudes of 9,100 feet. The section of Crazy 
Mountains in the north-central regions of the district covers a tract of approximately 
47,000 acres, and consists of steep slopes rising directly and continuously from the 
plains level to altitudes of 10,400 feet. 

The low areas of the quadrangle consist of a rolling, timberless plain, rising in 
more or less broken and continuous terraces to intersecting broad swells and ridges, 
falling away in long, gentle slopes to the valleys of Yellowstone and Shields rivers, 
which border and bisect the district, or knobl^ed with lines of rocky buttes and 
furrowe<l by shallow canyons and depressions. 

The lowest depressions in the (juadrangle are along Shields and Yellowstone 
rivers. The fonner bisects the quadrangle from north to south; the latter forms in 
part a dividing line l>etween the mountainous southern areas and the plains districts 
of the northern part of the quadrangle. Both streams flow in broad valleys lined 
with low bluflfs, which alternately approach and recede from the stream banks. The 
mean elevation of the plains regions is 5,200 feet; that of the Yellowstone flood 
valley, 4,200 fe(»t. 
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DRAINAGE CONDITIONS. 



Most of the quadrangle lies within the Yellowstone drainage, small tracts only, 
situated on the western slopes of the Bridger and Gallatin ranges, draining into the 
Missouri through other channels than the Yellowstone, The run-off is large, most 
of it being supplied from the 3S per cent of its area covered with the spurs, 
peaks, and canyons of the range. This tract, the altitude of which insures an 
abundance of rainfall, is, in fact, an innnense natural reservoir, and as such of the 
greatest importance to the central regions of the Yellowstone drainage. Next in 
importance is the Shields River drainage, but outside its freshet period in early 
summer the volume carried l)v the stream is small. The lesser creeks and streams 
originating in the Gallatin and Hridger ranges are small and variable in their flow. 
A large number of ravines and canyons head in the small tract of the Craz}' 
Mountains in the north-central part of the district, but the run-off carried by them 
is comparatively insignificant. The minor creeks, which head in the rolling areas 
of the plains, carry water during the spring break-up, but are dr}- in the summer 
and fall. 

AGRICULTURAL LANDS. 

The cultivable lands, comprising nearly 12 per cent of the quadrangle, border 
the streams either directh' in the flood valleys or on the lower terraces not far from 
the main stream or its tributaries. The largest single area of cultivable land is 
situated within the Shields River drainage. Irrigation is required everywhere for 
the successful cultivation of crops. Doubtless nuich of the land now utilized as 
cattle and sheep ranges can })e reclaimed by means of high-line ditches, but the 
generally high and rolling character of the plains region, and the lack of large 
volumes of water, except in the low-lying Yellowstone River, will probably preclude 
any extensive scheme of reclamation of lands remote from the flood valleys of the 
streams. The agricultural areas in the mountain districts consist of small, level 
pieces of bench or semimarsh land in the bottoms of the larger canyons below the 
6,000-foot contour, the total comprising less than 15,000 acres. The soil on the 
lowest terraces in the valleys is usualh' rich and deep. A large amount of land 
situated on the upper terraces and on the swells away from the streams is covered 
with bowlder and gravel drift of glacial origin, and is worthless for agricultural 
pursuits. Grain, hay, small (juantities of apples, and the ordinary northern bush 
fruits are produced. 

GRAZING LANDS. 

The grazing lands in the quadrangle comprise a trifle more than 33 per cent of 
its area. They consist in part of the rolling plains region in the northern part of dis- 
trict, and in part of tracts in the mountain region situated at or above timl^r line, 
while a large remainder is made up of fire glades, mostly in the subalpine forest. 
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which, from a variet}' of causes, have never restocked. The grazing areas in the 
strictly alpine regions are confined to the high tnicts above the 9,200-foot contour 
in the Absaroka ranges. The fire glades in the subalpine forest occur in all the 
mountain areas. 

Originally the plains were well stocked with a luxurious growth of bunch 
grasses. The}' were easy of access, sufficiently well watered for the stockman's 
needs, and in every way suitable for range purposes, but they have been excessively 
pastured, and their present grazing value is exceedingly low where not inclosed. 
The inclosed areas show a decided betterment, and with freedom for a few years 
from excessive pasturing of both cattle and sheep, would show^ a great improvement. 
As it now stands there is a small amount of grass earh'^ in the summer. In a 
few weeks cattle and sheep have exhausted it, and during the greater portion of the 
year the tracts afford onh' the scantiest grazing or none at all. 

The alpine areas, mostly located above timber line, are closely covered with a 
tough sward of low alpine and subalpine grasses and sedges. All are more or 
less difficult of access, which fact, together with the short season, has prevented 
any extensive use being made of them. Most of the lands of this character in 
these ranges appear never to have been pastured bv an\^ domestic animals except 
b}' horses belonging to the prospectors of the region. 

The subalpine areas have been grazed to a limited extent, mostly on the Bridger 
and Gallatin ranges, because they front directly on ,the plains and are therefore easy 
of access, while the subalpine areas in the adjoining ranges occur mostlj- in the 
interior. This class of gmzing lands is as yet in a fair condition. 

BARE ROCK AND HIGH ALPINE AREAS. 

Extensive tracts of this character occur throughout all the mountain areas and 
in the aggregate they comprise nearly 10 per cent of the quadrangle. The upper 
slopes of Bridger Range are mostly bare rock, the crests and higher slopes contrib- 
uting the larger proportion. These localities are often so steep that no soil can 
adhere or find lodgment, and in consequence vegetation is lacking. The alpine 
regions comprise snow fields on the northern slopes, sharp steep peaks, and mud 
slides formed of talus debris. 

LAKES AND TARNS. 

The lakes and tarns cover 0.5 per cent of the quadrangle. Their origin is due 
to the effects of glacial erosion. Most of them lie in hollows and in glacial cirques 
on the summit of the alpine plateau areas and near the heads of the different streams. 
In a few cases they are held back b}^ rocky barriers across their outlets, but in the 
majority of cases by morainic accumulations. All of them are small in areal extent 
and of shallow depth, but nevertheless form series of natuml reservoirs of marked 
importance in the regimen of the streams which head in them. 
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WOODLANDS. 

The woodlands form 2.55 per cent of the quadran<^h>. They consist of scattered, 
sparsely timbered tracts in the foothills flanking the Bridger and Absaroka ranges, 
and of thin lines of trees fringing the larger streams. The uplands areas are 
stocked with limber pine, 3'ellow pine, red fir, and a little lodgepole pine. The 
timber in these stands is low, stunted, and of inferior quality throughout, suitable 
only for fuel and fencing material. Along the streams the stands are set more 
closely than on the uplands. They consist of different proportions of aspen, cotton- 
wood, and aborescent willows. As protection against wash and wear of the alluvial 
stream banks and terraces, and as supplying considerable quantities of fuel, they are 
of value. 

The woodlands in the foothill region have a low restockage ratio. Climatic 
conditions— semiaridity — prevent abundant seed reproduction, as the grassy sward 
which covers the ground obstructs the proper inhumation of the seeds and their 
subsequent germination. Small quantities of underbrush are present, consisting 
mostly of sagebrush and shrubby cinquefoil. 

The woodlands that border the streams restock mpidly. The cottonwoods 
and aspens are abundant and steady seed producers. Much dense undergrowth, 
formed by a mass of interlacing willows and wild-rose brush, is nearly alwa\'s 
present, except in very old-growth cotton wood stands, where common 1\' a grassy 
sward forms the ground cover. 

Tli^e average yield of timber in the woodlands of the foothill region is between 
800 and 900 cubic feet per acre; in the cottonwood stands fringing the streams the 
yield rises to 900 or 1,000 cubic feet. Circumscribed localities occasional!}' yield 
twice the amount stated, but stands of that density are nire owing to long-continued 
cutting of the best and most easil}' reached blocks of timl>er. 

FOREST. 

The forested areas of the quadrangle comprise about 40 per cent. They lie 
chiefly l)etween the 0,000 and the 9,500 foot contours, and hence belong to the 
mountain regions of the district. In some localities, particularly in the canyon 
bottoms in the interior portions of Absaroka Range, the lower limit for the forest 
falls to the 5,300-foot level, while in the foothills of Gallatin Range fronting on the 
Yellowstone Valley the lower limit stops at the 7,000-foot level in some localities. 

The forest is composed of limber pine, lodgepole pine, white pine, white-bark 
pine, red tir, subalpine tir, Engelmann s^pruce, aspen, cottonwood, various species of 
arborescent willows, thorn, wild cherry, and serviceberry. The coniferous species 
form the principal part of the growth; the percentage contributed b\' the broad- 
leaved species is insignificant. 
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Tho forest api)ears in three general zones or strata, which blend where they 
meet and are not closely ditferentiated, though fairly well marked in their central 
area>. The upper zone, stretching to timber line at 1>,5<X) to 9,8W feet, is composed 
of Kngehiiann •^pruce, sulialpine fir, and white-lmrk pine, with the addition of lodge- 
pole pine in varying proportions at the lower limits. The spruce forms the largest 
percentage of the zone, followed by white-bark pine and sulmlpine fir. Occasionalh' 
this arrangement is reversed and white-bark pine takes the lead or even subalpine tir 
may hold the dominant place; but in stands where a normal ratio has been established 
spru«e always leads. The stands of this zone are oj)en and scattered at their upper 
limit- and are often very compact and densely stocked at their lowest. The open 
stands are set in grassy tracts or fire glades which have only {)artly restocked since 
thfv were burned over. The sulmlpine forest contains little mill timber. Its chief 
\alue lie- in the stability it iminirts to the upper slopes and in the volume of fuel 
and mine timber it is cajmble of supplying. 

The central zone consists of well-stockeil stands composed of red fir, lodgepole 
pine, and FIngelmann spruce, Uxlgeimle pine constituting the dominant species. In 
some lrx-aliti<»s at the lower levels of the zone red fir iHH'omes the chief species, and 
o<.-casionally along the stream margins in the lowest canyons Engelmann spruce 
pre<]ominatf*s. The bulk of the forest in the (|uadrangle occurs in this zone, both 
the saw timlier and the pole and fuel size. 

The lowest zone in the series borders the plains, or the woodlands when wood- 
lands are pre.s<»nt. The forest in this zone cbnnnonly is open and more or less broken, 
its heaviest stands occurring on the northern slopes of ridges and canyons where the 
semiarid conditions of the nearby plains are less marked. It is composed of red fir, 
yellow pine, limlier pine, and small proportions of Engelmann spruce along the 
Htnams. lii'd fir is always the dominant species in this zone, the other coniferous 
s[>ecies con?*tituting only a small percentage. 

The profH>rtion of the coniferous species in the forests of the quadrangle is 
nhown in apjM^nded table. 

t'omftfrtfii'ton nf the forott in thr LiringMtm ijuadraiigUy Motitana^ iyicluding treen of ail upecies wi(h Itoml 

d itt meters of 4 inches and upuxird. 

Per cent. 

IJfiiU'r pin*' 3 

I>h1)(('Ik>14* pint' 42 

WhiUf pifH- less than .1 

Whit«?-l)ark pine 5 

Vifllow piiH' 5 

Ke^liir 30 

SnImlfiiiMf lir 4 

Kntri'linann Hpnin* 15 

Ahim'Ii aixl cottonwcxxl T. 4 
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The supply of mill timber in the forest is small. Most of the stands aie 
composed of pole growths less than 130 years old, at which age the lodgepole pine, 
the chief timber tree, has not attained sufficient diam(»trical dimensions to become 
available for mill purposes, except in very favorable localities. Most of the timl>er 
is fit only for fuel, fencing, and other purposes where pole timber can be utilized. 
The mill timber throughout is of 3-inch grade, and on an average will not square 
over 10.25 inches. Most of the timber in the (|uadrangle grows in localities difficult 
of access; not over 10 percent is so situated that it can be reached without entailing 
expenses almost equal to the present value of the product. 

The amount of timber stixnding in the district is show^n in the appended table: 

Total stand of thnher in tin- fJringston qnadraiig/r, Montana. 



Specios. 



Limber pine 

Lodgepole pine 

White piiiv' 

White-bark pine 

Yellow pine 

Red fir 

Subalpine fir 

Engelmann spnu e 

Aspen and cotton wood . 

Total 



Mill timber. 


Polo jirnl fuel 
timber. 

1 


Total volume of 
all timber. 


Frttn. }[. 


Cubirfat. 


( ubic/ett. 


5, 000, 000 


16, 380, 000 


17,280,000 


427, 0(X), 000 


636,100,000 


712,960,000 


3, 500, 000 


300,000 


930,000 


15, 050, 000 


77, 050, 000 


79, 759, OCX) 


8, 000, 000 


5, (XH), 000 


5, 540, 000 


177,100,000 


220, 350, 000 


252, 228, 000 


3, 000, 000 


93, 200, 000 


93,740,000 


306, 000, 000 


221,450,000 . 


276, 530, 000 




2, 000, 000 


2, 000, 000 




939, 650, 000 


1,271,830,000 


1,440,967,000 



The tracts more or less logged and culled comprise in the aggregate 85,000 acres. 
They are situated on the eastern slopes of Gallatin and Bridger ranges, in the foot- 
hills in the Boulder River dminage, in the eastern and southern edges of the Absaroka 
ranges, and on the lower slopes of Crazy Mountains. Most of the cutting has 
been for fuel and fencing material. Lesser amounts have been taken to furnish 
ties for railroad construction and for props in the coal mines on the eastern slopes 
of (lallatin Range. 

Fon»st I'eproduction is good throughout the middle zone and in the higher por- 
tions of the lowest of the timber zones. It is deticient in the subal])ine forest; that 
is, the restockage is not sufficient to reoccupy the areas which in the course of 
centuries have been denuded ()y fire. Lodgep)le pine is the dominant species in 
the reforestations in the young growth and in the older stands at middle elevations. 

Extensive forest fires have ravaged the timber within recent years. In the 
aggregate 90,000 acres have been laid waste. The fires have been more extensive in 
the Absaroka Range than elsewhere, and in all places where they have run through 
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the stunds complete destruction has been the result. The region has always been 
subject to widespread and destructive forest tires, as proved by the age of the timber. 

BIG TIMBER QUADRAXGIiE. 

LOCATION, EXTENT, AND CLASSIFICATION OF LANDS. 

The region embraced in the Big Timber quadrangle, Monbma, is situated 
between 45^ 30' and 40 - north latitude and between 109^ 30' and 110 west longi- 
tude, and contains an area of 534,283 acres. Forest, woodland, agricultural, and 
grazing areas are represented within the quadrangle, the acreage of the different 
classes of land being shown in subjoined table. 

Clamjiatlon of Unnh in the Big Timber ffuwlraurjle^ Montana. 

Acrcj". 

Forested 27, 000 

Woodland 206,000 

Nontimbere<l 301, 283 

Total 534,283 

The nontimbered lands, excluding the areas of bare rock, differ but little in their 
geneml features, except as regards their water supply and dependent irrigation 
facilities. They arc classified as follows: 

Clamfication of nftntimffered lauds in the Big Timber qnadranghy Montwm. 

A crop. 

Agricultural 34, 300 

Grazing , 253, 283 

Bare rocks 13,700 

Total 301,283 

TOPOGRAPHIC FEATURES. 

Excepting the southwest quarter, the quadrangle is a rolling plateau area cut by 
many shallow, more or le.ss rocky, and in some cases gorge-like, canyons. Broad 
swells and low, rocky, irregular ridges separate the different ravines and canyons. 
The lowest altitude is in the valley of the Yellowstone, which bisects the quadrangle 
from west to east. The valley varies from 1 to 3 miles in width, and is made up of 
two to three low teiTaees, bordered by low bluffs of sedimentary rocks, which present 
sharp scarps to the river front and altematel}' approach and recede from the imme- 
diate river except in the northeast quarter of the quadrangle, where they are close to 
the stream for a distance of IS miles and display a steep, solid front of rock 300 to 
400 feet in height. 

The southwest quarter of the quadrangle consists of mountain areas formed by 
the terminations of northward-projecting spurs from the Granite Mountain district 
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to the south. This tmct is roughly sculptured, its areas l>eing a succession of steep, 
narrow ridges and deep, rocky canyons. 

The average altitude of the plateau region is 4,800 feet; in some localities 
projecting points rise 500 to 600 feet higher, while in the northeast quarter alone the 
average elevation slightly exceeds 5,000 feet. The average altitude of the mountain 
areas in the southwest quarter is 0,800 feet, with here and there points which reach 
elevations of 7,500 feet. 

DRAINAGE CONDITIONS. 

The quadrangle lies wholh' within the drainage of Yellowstone River. While 
a large volume of water is carried by the different streams in the district, only a 
trifling proportion originates on its areas. Most of the different canyons and 
ravines are dry during summer and fall, carrying water only while the spring 
break-up lasts, or inmiediatelv after heavy rainstorms. Springs are not plentiful 
outside the mountain areas in the southwest corner of the district, and the few 
standing bodies of water here and there are mere pools. 

AGRICULTURAL LANDS. 

The agricultural lands comprise between 6 and 7 per cent of the quadrangle 
and are confined to the lowest terraces lx)rdering Yellowstone River and the other 
larger streams. Irrigation is practically indispensable, and the lands most easily 
and least expensively irrigable have been reclaimed first. With high-line ditches, 
possible in many localities, a large portion of the area now utilized as range land 
can be reclaimed. 

The soil in the valleys consists of a deep, rich, more or less alkaline soil, 
yielding good crops of grain and hay. The uplands are often stony and bowlder 
strewn, particularly in the southern half of the quadrangle, where a great deal of 
glacial bowlder and gravel drift was deposited during the glaciation of the high 
Absaroka ranges to the south. 

GRAZING LANDS. 

The range lands comprise very nearly 48 per cent of the lands in the quadrangle, 
ajjd including the woodlands, utilized as pasture ground, amount to 85 per cent. 
Originally the lands were covered with good growths of various sorts of grasses, 
but for many years the region has been closely ranged by cattle and sheep. Outside 
inclosed tracts the condition of these range lands is now in general exceedingly bad, 
owing to excessive pasturing, but more particularly sheeping. In many instances, 
especially in the south half of the quadrangle, ever}^ vestige of gramineous vegeta- 
tion has been either eaten or trampled out by sheep. Nothing remains but small 
patches of the common, indigenous phlox, so low and s<»anty that it is locally 
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rb^ Unri»3if '•^nfYAl 'ij^n>«KHnn ;n 'hi* anyon hortnni}* i** aptiy i*aiI*HL ^>w-» •»niTn«i-ii- 
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rb^ U>w#»r fi^^r *nfi Vl'ortc '-n^fk.-* tnunaif**. Hi^n* tfa»» jnllvin^ of thi* -^^ft My'\\ oa 
rh^ iiplatuiit, ,'» M^rt, of rTinihri. L- ntpirtlv .TPariniff *• hml laniLf." The ^e^Hlit of the 
-t#^rrTu^#»n of rh<* grai-^rr tiirf on rhi»?»*» piain^ i>» the ••ftnip a> from the 'ier?trTiction «>f 
fn iTwif fr>v*Mr* on mnnntain '♦lope:- — ai'ceieracefi rTiii-*)tL exUeMv** anii rapid ;£tillyiii4r- 
an#t n^mnral ^>f the wl ^nver. 

wooDuuraa. 

A trrtfe more than % per cent of the gnadrangie mav be <!lai*r*ed at^ woo«lland. 
The larjpwtt prr>pordon b* 'Htnated in the northeai?t <^aarter on a tract 5«h> to ^'♦^ feet 
ah#ive the average level of the nontimhered hind.**. Smaller tnu^fc* occnr in tfe 
ifiiifhwe?HS r|iiarter. where they ^iccopy a foothill region having an aldtude of from 
r»..>«Kr to ^j^^) feet. Lejjser areas fringe the larger rttreami^ in more or Ies«* coa- 
riniionH lines. 

The woodlands are generally lightly stocked with timber. Limber pine. yeDow 
pine, red tir. and juniper, of the ooniferousf species^ ^^ml a&fpen and cottonwoocL of 
the broad'leaved treesw are reprei?ented in die ^toekage. 

The lightly dmbered <x>ndiduns of thes*e tracts are due to die many vt^itadons 
of tire which diey have experienced during centurie;^ and to a naturally :scanty 
and defective j^eed production due to the arid climate. The stand:^ are <.^pable of 
i\o^T .Htrxrkage. but to insure this ret>ult ab!>*.>lute freedom from dre and grazing is 
Rf^ceHrtury. Mo?*t of the timber has only a ix>le and fuel value. Le*s than l'» per 
r^fnt i.H mill timber, with only a 3-inch cIh?4s value* The average yield of timber £» 
HvV> cubic feet per acre. 

The fringe?* of woodland along the stix^iiLs »iv valuable only for fuel and 
fencing material and, mos^t of alU for the whtvsiou and wnstc-rvvMsting power their 
widely Hpn^iding roots impart to the soft alluvium of tho strt^am banks. 
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ABSAROKA DIVISION, YELLOWSTONE 
FOREST RESERVE, MONTANA 

SHOWING TOTAL STAND OF MILL TIMBER 
AND PROPORTION OF EACH SPECIES 
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Kn^ebrumn spruce Subalpinefir Red fir White bark pine 
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BIG TIMBER QUADRANGLE. 

The composition of the woodland stands is as follows: 

Composition of the stands oft'ntiffcr in the iroofJIantis of the Big Timber quadrangle^ Montana, 

PtTc'cnt. 

Limber pine 30 

Yellow i>ine 47 

Ke<l fir 20 

Asi)en and cotton wood 3 
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FOREST. 

The forested areas comprise only 5 per cent of the quadrangle, and are con- 
fined to the southwest corner. They lie almost wholly within the limits of Yellow- 
stone Forest Keserve in T. 2 8., R. U E.; T. 3 S., Ks. 14 and 15 E.; T. 4 S., 
Rs. 14: and 15 E. Where not devastated by lire, they carry well-stocked stands of 
red fir, limber pine, and lodgepole ])ine, with small proportions of Engelmann 
spruce in the canyons and on the northern slopes. 1'he red fir is the dominant 
species, forming 05 per cent of the stands, followed by lodgt^pole pine with 4:(> 
per cent, while limber pine adds somewhat less than 5 per cent. The timber is 
extremely diflicult of access, owing to the broken character of the ground where 
it grows. Most of the tim))er is either a pole growth or else so short, stocky, 
and knotty that it is unfit for mill timber. Fully 85 per cent is only valuable 
for pole and fuel timber. The total volume of timber in the quadrangle is shown 
in the subjoined table. 

Totid stand of timber in the Big Timber quadrangle, ^fontana. 



Species. 



Mill timber. 



Limber pine 

Lodgepole pine 

Yellow pine 

Red fir 

Engelmann spruce 

Aspen and cot ton wood . 

Total 



Feci B. M. 
15, 000, 000 
1,000,0(K) 
40, 000, 000 
34,000,000 
670, 000 



90, 670, 000 



Pole and fuel 
timber. 



Total volume of 
all timber. 



Cubic Ji'd. 
45, 000, 000 

6, 250, 000 

70, 000, 000 

32, 000, 000 

550, 000 

4, 700, 000 



i^ubic Jai. 

47, 700, 000 

6, 430, (XX) 

77, 200, 000 

38,120,000 

670,600 

4, 700, 000 



158,500,000 I 174,820,600 



The forested area has been cut over in the upper Deer Creek drainage on 
areas aggre^atinj^ 200 or 300 acres. The woodlands have ))een culled in most of 
the accessible places, the cut amounting to less than 5 per cent. 
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Fires have swept the forest in recent years and burned up the tiniljer on 1S,(X)0 
acres. The woodlands have also l)een overrun by tire, but most of the dama^^e has 
been confined to destruction of the youn^ growth. 

Reproduction in the forested areas is abundant, the leading species in the 
restockage being red tir at the lower and middle elevations and logepole pine at 
the higher. 
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Cowles, Mont., mining at U.Jja 
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laniU along — 1* 

miningartmon 14 

timlterou 47,72 

wiMHlcutting on * 

Kawt RiH'ky P\»rk, drainagvof 12 

KaHt KtuH'bud l>«*»k, drainag«» o: 12 

Kngt^lnmnu nju-w-^k. ^ir*- Spnnv, Eng^^lnMUHQ. 

Ei-it^lou in AlttAivka divMUim ... U.l» 

in Big Timb«*r quadrangh* H2 
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rango of tl-it, 13K 
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in Li vlngaUm quadrangle ia»-l40 

hW itfjiiiitt iucoiif iVs, *rr Townships. 

Koi«eMt,Mgt«of »-23 

altitudiualra'*g*of aft.l3r 

iHim|HiattUui i^, in Abaaroka dirisian 9) 

in Big Timber quadrangle 143 

in l«i¥tug«tcm quadrangle I9B 

iHi|»iSHluoti(m of aJ-aDi,lJBi,li4 

A>>i'(M»*'*' '(M-olif^«, mrt Towaahipa. 



Fonsfrtouoditiofliain AboarokadiTiakm 20-80 

iaBiipTimbn-qiiAdrmngie 137-140 

in LiTiagstoa qnadrangfe 14^-144 

Fbr de^ite htmiitira, mtr Townshipa. 

6. 

Gallatin Baage. kurmtkwi and character of U)3-i:M 

votidctittiagin !» 

Glaciatu.minAbArokadiTision lO-ll 

Gneiw in Abmrute dirisioB 1<> 

Granit* in Abaarokn Range 134 

Granite Moontain. locatkm and character of 14i) 

Granite Xoantain qnadrang e. land cla»iflcation 

mapof 14i» 

Graaite IVak. altitude of 11 

Grazing, destructive effects of 19. 13$. 141-142 

in Ahaarukadir^sioB... 14-W 

ia Big Timber quadrangle 141-146 

in Livingston quadrangle 135-i:% 

fur iirjinite ftin«/t/iV«« art Townships. 

Geoi'igytWrAbsaroka division 1«».12 

of Livingsitoa quadrangle 134 

H. 

Hawthorn, occurrence of 2.» 

Hap«tai*k Peak, miaing area near 13 

nx*ksnear 13 

Hell RoanngCreek. basin of 12 

t-anfonof ItJP 

drainage of — 81.96.111 

timber in basin of 21.M-2S.82 

Hkrks Park, location of 7i» 

Horwshoe Mountain, mining at 13-14.W 

I. 

Independence. Xont.. abandonn»ent of 83 

wood cutting at *l 

J. 
Juniper, oci'urreace of 15.142 

L. 

Lake Plateau, grazing lands on IT 

Laken and tams^ extent of. in Absaroka diTtsion . . . 19-20 

in Livingston quadrangle 133.135 

For dr/imite htctUitita^ sre Townships. 
Lands. agriculturaL extent of. in Absaroka divisioii. 14 

in Big Timber quadrangle 140.141 

in Livingston quadrangle 133.135 

Fw drjiuitt locatitirs^ «r* Townships. 

Lands, burned, in Absaroka dirisaon 10,lrt 

in Big Timber quadrangle 144 

in Livingston quadrangle... 139-14i> 

Fbr dejinitt lorolif i>«, are T6wnshipa. 
Landss forested, extent of, in Absaroka division — It > 

in Big Timber quadraiwle 14f» 

In Livingston quadrangle 133 

For de/tnite lacaiititt^ see Townships. 

Lands» grazing, extent of, in Absaroka dirision 14-19 

in Big Timber quadrangle 14IV142 

"^ hk Livingston quadrant 133.I3&-135 

Por drjiniH loeaiitiet^ tt Towashipe^ 
l^ukds, nontimbered. extent of. in Absaroka diri- 

slon. 10.14-19 

in Big Timber qnadrangW 140 

in Livingstitn quadnungle 133 

#\Mr de/biife hxaHHt^ see Tovosiilps. 



INDEX. 



U7 



Page. 

Lands, swampy, extent of, in Absaroka reserve 17 

Lands, wooded, extent of, in Absaroka divifdon. . 10, 14-16 

in Big Timber quadrangle 140, 142-143 

in Livingston quadrangle K«. 137 

water supply of 10 

For definite localities^ see. TownshipH. i 

Landslides. For definite local it ien^ see Townships. 

Lava in Absaroka division 10. 12-13 j 

in Absaroka Range 134 | 

Limestone in Absaroka division 10,12-13 . 

in Absaroka Range i:i4 ! 

Litter in Absaroka division 2H 

For definite localities^ see Townships. 

Livingston quadrangle, agricultural lands in Ui'i . 

altitudeein 134 | 

clasaiflcat on of lands in VSi 

description of 132-140 ' 

drainage of 135 

flresin 13iM40 

forest in 14:^^144 

grazing lands of 13V136 

land classification map of i:^ ! 

location of 1'*^ . 

reproduction in 139 | 

toiK>graphy of i:*M34 

woodlands of — V17 

Lodgei>ole pine. S*'e Pine, hKlgeix)le. 

Logging. See Woodcutting. 

JV>r definite localities, see Townships. 

M. 

Mesozoic rocks in Absaroka division 10 

Mill Creek, drainage of 12,67 

Mining in AbHaroka division, extent of 13-14 

Mining and minerals. For definite htcalities, see 
Townships. 

Mission Creek, drainage of 33 

Mystic Lake, location and area of 19 

N. 

Nye, Mont., mining area near 13-14 

P. 

Paleozoic rocks in Absiiroka division 10, 12 

Petroleum in Absaroka divi.sion 14 

Picea engelmanni. See Spruce, Engelmann. 

Pine, limber, altitudinal range of 22-2:i i:* 

diagram showing stand of 142 

growth of 23 

occurrence of 15, at)-21 , 25, 37, 142-143 

range of 21,138 

volume of 25 

Pine, lodgepole, altitudinal range of 22-23. K* 

diagram showing stand of 142 

growth of 23 

occurrence of - a>-22,25,28, 1:^,143 

range of 21-22, i:i« 

reetockageby 2H-J*).144 

volume of 21-23,25 

Pine, white, altitudinal range of 22-2:i.i:*< 

diagram showing stand of 142 

occurrenceof 20-21,25 

range of 21.i:» 

volume of 24-25 

Pine, white-bark, altitudinal range of 22-2:^, i:« 

dlag^ram showing stand of 142 

growth of Zi 

<x»currence of 21^-21,25,137 



Page. 

Pine, white-bark, range of 21.138 

restockageby 28-29 

volume of 24-25 

Pine, yellow, altitudinal range of 22-2:^, KiJ 

diagram showing stand of 143 

cKJcurreuce of 137,142-143 

range of 21,188 

volume of 15.30-21,24-25 

'Fttr definite localities, see Townships. 

Pinus albicaulis. See Pino, white-bark. 

Pinus flexilis. See Pine, liml)er. 

Pinus monticola. See Pine, white. 

Pinus murrayana. See Pine, lodgepole. 

Pinus ponderosa. See Pine, yellow. 

Plateaus in Alisaroka division, altitudes and char- 
acter of 11 

Populus tremuloidcw. See Asx)en. 

Populus trichocarpa. See Cottonwood. 

Pseudotsuga taxifolia. See Fir, red. 

R. 

Range, altitudinal, of forest in Absaroka division.. 20 

in Livingston ciuadrangle 137 

Rt*d Lodge, Mont., logging for 26 

sheep from 18 

Red Lodge Cre;^k, ba.sin of 12 

Red Lodge quadrangle, land-irlassiflcation map of. . 140 

Reproduction of forest in Absaroka division 28-^*) 

in Big Timber (luadrangle 144 

in Livingston quadrangle 139 

For definite localities, see Townships. 

Reservoirs, construction of, in Absaroka division.. 12,20 

Rocky Fork, basin of, woodcutting in 26 

burns in 27 

drainage of .. 12,122 

lands along 14 

See also East Rocky Fork; West Rocky Fork. 

Rosebud Creek, basin of, Inims in 27 

ca nvon of n 

drakiageof 12 

See n/xo Ecist Rosebud Creek; West Rosebud 
Creek. 

S. 

Sandstone in Absaroka division ^ 12 

Service berry, tn-currence of 20, KIT 

Shields River, drainage of 1.35 

loc^ation and characrter of 134, 135 

Slough Creek, drainage of 12 

mining district on 13 

nxrks on 13 

timberon 21,24-25,99 

Snow in Absaroka division 12 

damage from 29 

Soda Butte Creek, mining area on 13 

Soils in Al>saroka division 13,14 

Spruces Engelmann, altitudinal range of 22-23,138 

diagram showing stand of 142 

growth of '£i 

otrcurrenco of 20-22.25 

range of 21-22,138 

reprodu<'tion of 29 

restw^kage by 28-30 

volume of 23,25 

For definite localities^ see Townships. 

Stillwater River, canyon of n 

drainage of 12,117 

lakelets on 19-20 



148 



DTDEZ. 



Htm water Rirer, famdsalofig ■ 

mining area near 

rrickHon 

Mwampy land* on 

topr»fn«pb]r n«ar 

w/xidftitting in basin of 

HaT^ialpine ftr. Hrt Fir. sahalpine. 
HaceCr*«lt, drainage of 



Page. 
U 

18 
13 
17 
11 
28 



Tamft. .v^ Lake« and tamft. 

T«>ton Ff iTwtt B ^w rre. merging of 9 

Timber, mill, character and rolnme of 28-25, ld», 148 

diagram fibowing total ntand of 142 

pr^Ie and fuel 25,18»,148 

t/>tal «tand of, in Big Timber qnadrangle 148 

in UTingMt/m qnadrangle 189 

/V/r drflniU htralitieM, ner TownflhipH. 

Tlmlj*^ line, eleratirm of 21 

Topr^i^raphy of A ljMarr>ka d i%'iiiion 10-12 

of Big TimlM^ qnadrangle 140-141 

of Li TingMton qnadrangle 138-184 

Townnbixm in Abearoka diviidon, conditions In: 

T.2 8.,B. 14E 80-82 

T. 8H.,B. lOE 82-84 

T.3H.,R.ll E 84-87 

T.3H.,K. 14 E 87-89 

T.8H.,B. iftE 8IM0 

T.4H.,B. lOE 41-42 

T.4H.,R. HE 42-44 

T.4H.,B. 12E 44-46 

T.4H.,K.18E 4748 

T.4H.,R. UK 4K-fl« 

T.4H.,B. 15K «»^«l 

T.4H..B. WK W-JW 

T.4HMR.nB M 

T.rfM.,R.10K W-» 

T.5H., B. UK »-»7 

T.r,R.,B.l»K A7«» 

T.5»,B.I«K «»«> 

T.ftR.B. UK ^^ 

T.ft«.,B.lftK «•♦ 

T.ftR.B. inB . . n4<tt 

T.»B,tt.lTK .. «V«» 

THR.B. 10^ W^ 

t.HB.B.nK ^'^^ 

TOR, ft 12 K . . 71^72 

T.«R. B. IIIK W78 

T.HR.B.UK - 7«74 

•r «R., B. IftK . T4 T« 

T flR.n Hlfi T»'? 

T l»R.,ll. I7K . T8 79 

T.flR.,f*. IWlfl ''^*«» 

T 7R.,B. I«K IW-*! 

t )R.B IlK Hl^ 

T rR.W. I»lfl Htt-JH 

T » R . B l« K ... HiV « 

t rR.B.UM HJl^ 



TownddiM in Absaroka dirision, conditioni in— 
Continoed. 

T.7 8.,B.15E fn-» 

T.TSmB. 16E 8B-» 

T.78.,B. 17E 9D-W 

T.7 8.,R.18E »l-«8 

T.88.»R. lOE ga-M 

T.8 8mB.11E «MC 

T.88.,R. 12E sn-m 

T.8 8mB.18£ 98-WO 

T.88.,R. 14E loi-iae 

T.8 8.,R.15E 102-1(8 

T.8 8.,R. 16E lOi-HM 

T.8 8.,R.17E 104-105 

T.88..R. 18E MB-107 

T.88..R. 19E 107-109 

T.98.,R. lOE 109-m 

T. 8., RUE 111-113 

T.98.,R. 12E 1LV114 

T.9 8.,R.13E 115-116 

T.9 8.,R. 14E 116-118 

T.9 8.,B.15E 118-120 

T.98.,R.16E 120-122 

T.98.,R.17E 122 

T.98.,R. 18E 123-124 

T.9 8.,R.19E 124-126 

T.9 8.,B.20E ^ 126-127 

adjoining Absaroka division, conditions in: 

T.7 8.,R.19E 127-129 

T.7 8.,R.20E 129-133 

T.8 8mB.20E 130-182 

W. 

Water supply. For definite localities^ tee Townships. 

West Boulder Plateau, character of ii-Aii 

grasing landson 17 

W«t Boulder Birer, drainage of 12.te 

lands along 14 

mining area on 14 

timber on 24.56 

woodcutting on 26 

Wwt Rticky Fork, drainage of 12 

Wwt Rosebud C reek, drainage of 12 

White pinu. «e<- Pine, white. 

Wblto-bark pine. Sre Pine, white-bark. 

Willows, occurrence of 2. 21,137 

WocKlcutting, in Absaroka division 26, 27, 83 

In Big Timber quadrangle 143 

in Livingston quadrangle 139 

Work Creek, erosion on 142 

Y. 

Yellow pine, ^e Pine, yellow. 

Yellowstone Forest Reserve, nxerging of 9 

Yellowstone ^ver, character of 134 

drainage of 12,136,141 

valley of 188.184,140 




PUBLICATIONS OF UNITED STATES GEOLOGICAL SURVEY. 

[ Frt>fes."!<ional PajHT Xo. 29.] 

The serial publications of the Unite<i States Geological Survey consist of (1) Annual Reports, (2) 
Monographs, (3) Professional Papers, (4) Bulletins, (5) Mineral Resourcey, (6) Water-Supply and 
Irrigation Papers, (7) Topographic Atlas of the United States — folios and sej^arate sheets thereof, 
(8) Geologic Atlas of the United States — folios thereof. The classes numlx^red 2, 7, and 8 are sold at 
cost of publication; the others are distributed free. A circular giving complete lists mav l>e had on 
application. 

The Bulletins, Professional Papers, and Water-Supply Papers treat of a variety of subjects, and 
the total number issuetl is large. They have therefore been classified into the following series: A, 
Economic geology; B, Descriptive geology; C, Systematic geology and paleontology; D, Petrography and 
mineralogy; E, Chemistry and physics; F, Geography; G, Miscellaneous; H, Forestry; I, Irrigation; 
J, Water storage; K, Pumping water; L, (Quality of water; M, General hydrographic investigations; 
N, Water power; O, Underground waters; P, Hydrographic progress reports. This paper is the ninth 
in series H, the complete list of which follows (all are Professional Papers thus far): 

SERIES H. FORESTRY. 

4. The fores ^ of Oregon, by Henry Gannett. 1902. 36 pp.. 7 pis. 

6. The forests of Wa.shington, a revision of estimates*, by Henry Gannett. 1902. 88 pp., 1 pi. 

6. Forest conditions in the Cascade Range. Washington, between the Washington and Mount Rainier forest reserves, 
by F. G. Plummer. 1902. 42 pp., 11 pis. 

7. Forest conditions In the Olympic Forest Reserve, Washington, from notes by Arthur Dodwell and T. F. Rlxon. 
1902. 110 pp., 20 pis. 

8. Forest conditions in the northern Sierra Nevada, California, by J. B. Leiberg. 1902. 194^p.. 12 pis. 

9. Forest conditions in the Cascade Range Forest Reserve, Oregon, by H. D. Langille, F. G. Plummer, Arthur Dodwell, 
T. F. Rlxon, and J. B. Leiberg, with an introduction by Henry Gannett. 1903. 298 pp., 41 pis. 

22. Forest conditions in the San Francisco Mountains Forest Reserve, Arizona, by J. B. Leiberg, T. F. Rixon, and 
Arthur Dodwell, with an Introduction by F. G. Plummer. 1904. 96 pp., 7 pis. 

2S. Forest conditions, in the Black Mesa Forest Reserve, Arizona, prepared by F. G. Plummer Irom notes by T. F. Rixon 
and Arthur Dodwell. 1904. 62 pp.. 7 pis. 

29. Forest conditions in the Absaroka division of the Yellowstone Forest Reserve, Montana, and the Livingston and 
Big Timber quadrangles, by J. B. Leiberg. 1901. 148 pp., 8 pis. 

Besides the foregoing, three volumes on forestry have been published, as Pt. V of the Nineteenth, Twentieth, and 
Twenty-first annual reports, each consisting of several papers. 

Correspondence should be addressed to — 

The Director, 

United States Cteoukjical Sirvey, 

WASnrNGTON, D. C. 

July, 1904. 



.-^*^'- 



LIBEAEY CATALOGUE SLIPS. 

[Mount each slip upon a nejiarat^^ card, placing the subject at the top of the 
second slip. The name of the series should not be repeated on the series 
card, but additional nunil)ers should be added, as received, to the first 
entry.] 



FOREST CONDITIONS 



IN TUK 



CLE BELT MOUNTAINS FOREST RESERVE. 

Leiberg, John B. 

. . . Forest conditions in the Absaroka division of the 
I Yellowstone forest reserve, Montana, and the Living- 
f ston and Big Timber quadrangles, by John B. Leiberg. 
Washington, Gov't print, off., 1904. 

148, III p. 3 pi. (incl. maps, diagr.) 29J x 23««". (U. S. Geological sur- 
vey. Professional paper no. 29. ) 

Subject series: II, Forestry, 9. 



U. S. Geological survey. 
Professional papers. 

aS 

I no. 29. Leiberg, J. B. Forest conditions in the Absa- 
roka division of the Yellowstone forest reserve, 
Montana, and the Livingston and Big Timber 
quadrangles. 1904. 

U. S. Dept. of the Interior. 

s 

i see also 

U. S. Geological survey. 



^^ 



^ C ^TT^'^y^/T^^AAf 



Professional Paper No. 30 Series H, Forestry, 10 

DEPARTMENT OF THE INTERIOR 

UNITED STATES GEOLOGICAL SURVEY 

CHARLES D. WALCOTT, Director 



FOREST CONDITIONS 



IN THE 



LITTLE BELT MOUNTAINS FOREST RESERVE, 

MONTANA, AND THE LITTLE BELT 

MOUNTAINS QUADRANGLE 



BY 



J0E[:N^ B. LEIBEPia 




WASHINGTON 

GOVERNMENT PRINTING OFFICE 
1904 



i 

i. 



CONTENTS. 



Pa«e 

Letter of Transmittal 7 

Little Belt Mountains Forest Reserve 9 

Location and extent 9 

Classification of lands 10 

Topography 11 

Relief 11 

Drainage 12 

Mining areas and minerals 12 

Agricultural lands 13 

Grazing lauds 14 

Woodland 15 

Forest conditions 16 

Composition, and regional and altitudinal distribution 16 

Ages and dimensions of trees 19 

Character, value, and volume of merchantable timber 20 

Cutting 22 

Burns 23 

Restfx'kage 24 

Township descriptions 25 

Township 10 north, range 10 east 25 

Township 10 north, range 1 1 east 27 

Township 10 north, range 12 east 29 

Township 10 north, range 13 east 30 

Township 11 north, range 9 east 32 

Townshij) 11 north, range 10 east 33 

Township 1 1 north, range 1 1 east 35 

Township 1 1 north, range 12 east 36 

Township 1 1 north, range 13 east 38 

Township 12 north, range 9 east 40 

Township 12 north, range 10 east 42 

Township 12 north, range 1 1 east 44 

Township 13 north, range 8 east 46 

Township 13 north, range 9 east 47 

Township 13 north, range 10 east 49 

3 



4 CONTENTS. 

Little Belt Mocjttaix Forekt Reherve — Continaed. 
Townjihip description* — (.V>ntinn#?'L 

Townflhip 13 north, range 1 1 «i«t , 51 

Town?«hip 14 north, range 8 ea«t 53 

Township 14 north, range 9 ea«t 55 

Township 14 north, range 10 eawt 57 

Township 14 north, range 1 1 east 59 

Township 15 north, ranger H east 61 

Township 15 north, range 9 east 62 

Townshij* 15 north, range 10 east 64 

LmxE Belt Moistains Qr.\nRAN<iLE 67 

Lrication, extent, and classification of lands 67 

Topography 67 

Relief 67 

iXrainage tiS 

Agricultural lands 68 

i^rrazing lands 69 

WrxKllands 69 

The forest 70 

index 73 



ILLUSTRATIOXS. 

Plate I. Ijand-classification map of Little Belt MountaiiiH (^iiadrangle, and part of Fort 

Benton quadrangle, Montana 10 

II. Diagram showing total stand of mill timber ami proportion of each species 16 

5 



4 CONTENTS. 

Little Belt Mountain Forest Keserve — Continued. 
Township descriptions — Continued. 

Township 13 north, range 1 1 east , 51 

Township 14 north, range 8 east 53 

Township 14 north, range 9 east 55 

Township 14 north, range 10 east 57 

Township 14 north, range 1 1 east ,. . 59 

Township 15 north, range 8 east 61 

Township 15 north, range 9 east 62 

Township 15 north, range 10 east 64 

Little Belt Mountains Qua drangle 67 

Location, extent, and classification of lands 67 

TojKigraph y 67 

Relief 67 

Drainage 68 

Agricultural lands 68 

Grazing lands 69 

Woodlands 69 

The forest 70 

index 73 



LETTER OF TRANSMITTAL. 



Department of the Interior, 
United States Geological Survey, 

Washington^ D, C, February 10, 190^. 
Sir: I have the honor to transmit for publication, as a professional paper, a 
report by Mr. J. B. Leiberg on the forest conditions and land classification of the 
Little Belt Mountains Reserve and adjacent regions. 

Ver}^ respectfully, Henry Gannett, 

Geographer, 
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FOREST CONDITIONS IN THE LITTLE BELT MOUNTAINS FOREST 
RESERVE AND THE LIHLE BELT MOUNTAINS QUADRANGLE. 



By John B. Leiberg 



LITTLE BELT MOUNTAINS FOREST RESERVE. 
r.ocATio]sr axd extent. 

The Little Belt Mountains Forest Reserve was established by Executive 
proclamation, dated August 16, 1902, and its boundaries described as follows: 

'* Beginning at the southeast corner of township sixteen (10) north, range ten 
(10) east, principal meridian, Montana; thence southerly to the point for the 
northwest corner of township fourteen (14) north, range eleven (11) east; thence 
easterly to the point for the northeast corner of section four (4), said township; 
thence southerly along the surveyed and unsurveyed section lines to the point 
for the southeast corner of section thirty-three (33), said township; thence easterly 
to the northeast corner of township thirteen (13) north, range eleven (11) east; 
thence southerly along the surveyed and unsurveyed range line, allowing for the 
proper offset on the third (3rd) standard parallel north, to the point for the 
southeast corner of township twelve (12) north, range eleven (11) east; thence 
easterly along the unsurveyed township line to the point for the northeast corner 
of township eleven (11) north, range thirteen (13) east; thence southerly along 
the range line to the southwest corner of township ten (10) north, range fourteen 
(14) east; thence westerl}^ along the township line to the point for the southwest 
corner of township ten (10) north, range ten (10) east; thence northerly to the 
northwest corner of said township; thence westerly to the point for the southwest 
corner of section thirty-four (34), township eleven (11) north, range nine (9) east; 
thence northerly along the unsui-veyed section lines to the point for the northwest 
corner of section three (3), said township; thence westerly to the point for the 
northwest corner of said township; thence northerly along the unsurveyed range 
line to the point for its intersection with the third (3rd) standard parallel north; 
thence westerl}- along said unsurveyed parallel to the point for the southwest 
corner of section thirty-four (34), township thirteen (13) north, range eight (8) 
east; thence northerly along the unsurveyed section lines to the point for the 
northwest corner of section twenty-two (22), said township; thence westerly 
along the unsurveyed section lines to the point for the southwest corner of 

9 
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section eighteen (18), said township; thence northerly along the surveyed and 
unsurveyed range line to the southeast comer of township sixteen (16) north, 
range seven (7) east; thence easterly along the surveyed and unsurveyed township 
line to the southeast comer of township sixteen (16) north, range ten (10) east, 
the place of beginning." 

The area of the tract thus set apart amounts to 501,120 acres. 

CliASSHnCATION OF JjAJsTDS. 

The lands in the reserve are classified as follows: 

OtugificaHon of lands in the LUUe BdL MowUainM Forest Reserve. 

Acres. 
Forested 237,810 

Wooded 25,140 

Nontimbered 238,170 

Total 501,120 

The nontimbered lands at present comprise almost 50 per cent of the reserve. 
As here classified they include also the temporarily deforested areas — the badly 
burned tracts — on which the forest has been practically destroyed by fires since the 
Indian occupancy of the region, and on which only a very sparse restockage has 
set in. The nontimbered lands are classified as follows: 

Classiflcalion of nontimbered lands in the lAtUe Belt Mountains Fbrest Reserve. 

Acm. 
BiMUy bamed 111,600 

Agricaltnnd 9,250 

Grazing 99,070 

Bare rocks 18,250 

Total 238,170 

If the badly burned tracts are restocked there may be an increase in for- 
ested areas of 111,600 acres^ making the total forest land 349,410 acres, or nearly 
70 per cent of the reserve, while the area of the nontimbered tracts will be 126,570 
acres. It is not improbable that in addition to the restocking of the badly burned 
tracts, certain of the grazing areas, which really consist of ancient fire glades 
created during the Indian occupancy of the region, may, in the course of time, 
again come under forest cover. Should such be the case, 50,000 acres may be 
added to the timber land in the aggregate, giving it a grand total of nearly 
400,000 acres, or 80 per cent of the reserve. This may be regarded as the 
possible future forest acreage of the reserve. The remainder, or 101,120 acres, 
will always remain in part comparatively thinly stocked woodland, and in part 
grazing or agricultural lands at low elevations. The bare, rocky exposures and 
high subalpine areas will never bear a forest, owing to absence of soil and severe 
climatic conditions. 



SUBFAOE FEATURES. 11 

TOPOGRAPHY. 
RELIEF. 

About half of the reserve is in the southeast portion of the Little Belt Moun- 
tains, and the other half is comprised in a secondary system of ridges which 
stretches northward from the main range and is variously called the Neihart 
Baldy-Yogo ridge or the Neihart Baldy -Porphyry Peak ridge, the names being 
taken from prominent elevations situated along its crest. 

The main range of the Little Belts occupies the southern and a small part 
of the northern and central portions of the reserve. The Little Belis Range is a 
limestone uplift seamed by numerous dikes of eruptive rock and with exten- 
sive areas of metamorphic rocks. Toward the northeast it sends out long spurs 
which form divides between the tributaries of Judith River, while the ridges 
which radiate from the southern slope of the axis are short and steep 'and 
constitute divides between canyons draining directly into Musselshell River. 
The crest of the main ridge is mostly narrow, but in places it broadens and forms 
small plateau areas, as at the head of Lost Fork of Judith River. The high crest 
jine is not continuous, for, beginning at. the head of Spring Creek, the range is 
interrupted by three gaps at the head of Spring, Daisy Dean, and Haymaker 
creeks. These gaps divide the Little Belts into three great blocks and throw 
the ultimate heads of the three creeks named above, as well as the sununit line 
of the range, into a low, marshy flat that originally formed part of the South 
Fork of Judith Basin, from which stream the three creeks named are sep- 
arated only by low gravel hillocks 20 to 40 feet high. I have named the blocks 
formed by these gaps, beginning on the most easterly, as follows: Twin Peak 
block. Haymaker block, Daisy Dean block. The greatest altitude reached by the 
.main range within the reserve is 8,400 feet; its mean elevation is approximately 
7,300 feet. 

Most of the secondary range, at least its higher areas, is formed of a mass 
of igneous rock. The radiating ridges on the eastern slopes of the main axis 
are rather long, narrow, and winding, occasionally rising in low peaks or falling 
away in shallow saddles. The spurs on the western slope are short and steep. 
The main ridge is narrow, comparatively straight, and with slight variations from 
the 7,400-foot level in all of its southern portions. There is, however, a gradual 
rise toward the north until the ridge culminates in the rough and rugged massifs 
which constitute Yogo Peak and Neihart Baldy, whence short, rough, and rocky 
spurs radiate in every direction and fill the northern part of the reserve with a 
mass of winding ridges and canyons. The highest point on the secondary ridge, 
which is also the highest point in the reserve, is reached in Neihart Baldy, 9,000 
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feet above sea level. The average elevation of the reserve, exclusive of the can- 
yoiLs and valley bottonu*. i.s, approximately, 6«900 feet. 

The canyoD syHtem consists of troughs, long and comparatively narrow in 
their central and lower areas, the larger usually widening into broadly elongated 
or semicircular basins at the head^. They often contract into narrow gorges at 
9ome point along their course, and in the limestone areas almost invariably dis- 
play a line of casteUated cliffs^ along their upper breaks. The slopes commonly 
are very <»teep and below the line of cliffs are deeply covered with rough 
taluM accumulations. 

DRAINAGE. 

The principal drainage basins in the reserve are as follows: 1. The upper 
areas of Belt Creek, composed of (a) head^ of main Belt Creek: (h) all of Dry Fork 
of Belt Creek. 2. Wolf Creek drainage* composed of (a) upper and central areas 
of Dry Wolf: (b) upper one-half of Running Wolf. 3. Judith River draina^, 
compoaed of (a) all of Yogo Creek, which may be regarded a8 the north fork of 
the river; (i) all of Middle Fork Judith; (e) all of Lost Fork of Judith: (//) all 
of South Fork Judith. 4. Tributaries of Musselshell River, consisting principally 
of Spring, Daisy Dean, and Haymaker creeks. 

Most of the run-off from the reserve areas is carried by Judith River, the 
reserve serving as a large natural reservoir, which is of great importance owing 
to irrigation along the lower course of that stream. The next largest volume is 
carried by Belt Creek, a stream also utilized for purposes of irrigation outside 
the reserve areas. The other streams heading within the reserve are of minor 
importance. Spring and Daisy Dean creeks on the Musselshell slope being the 
only ones there that carry any considerable quantities of water. A large 
number of the smaller canyons are dry throughout most of the year, {^specially 
is this the case where the entire length of the i^anyon lies in the limestone strata. 
The extensive Assuring to which the sedimentary rocks of the reserve have been 
subjected has opened cracks in all directions, through which much of the downfall 
is swallowed up, never to reappear, at least not on nearby areas. 

The reserve contains two small lakes. One is situated on the eastern flanks 
of Neihart Baldy near the summit. The other lies at the Lead of Richmond, or 
Trail, Creek, in T. 11 N., R. 9 E., and is marshy, with a small grass-free place 
in the center. 

MIXIXG ARBIAS AND MIXIUIAUS, 

The larger portion of the reserve is a nonnunoml region or, at least, b not 
known to contain valuable or workable ort^ dcjHKsits. The mineralized areas so 
far opened, and either developed to pixnlucing i^apaoity or in a pnxipecting stage, 
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are as follows: The Neihart district, in T. 14 N., R. 8 E.; the Barker district, in 
T. 15 N., Rs. 8 and 9 E.; the Wolf Creek districts, in T. 14 N., R. 10 E.; the 
Sapphire district, in T. 13 N., R. 11 E.; the Yogo district, in T. 13 N., R. 13 E.; 
and the Spring Creek district, in T. 10 N., R. 10 E. 

Of these districts the Neihart and Barker have been important centers of 
ore production. As they were chiefly silver camps the low price of this metal 
has brought on a gradual decline in their importance and activity. The Barker 
district has practicalW ceased producing ore, and comparatively little is extracted 
from the mines at Neihart. East of Barker and across the divide in the Wolf 
Creek drainage are a numl^er of mining claims, mostlv in the prospecting stage. 
One or two have produced and shipped small quantities of ore, with silver as 
the leading v^alue. Placer claims have been worked to a limited extent in the 
valleys of the Dry Wolf drainage. Beds of specular iron ore, said to be of 
considerable extent, occur in the canyons of Running Wolf Creek. They have 
not been developed. The Sapphire mine is not a placer deposit, as is commonly 
supposed, but a dike of eruptive rock with the gems in place. The mine was 
being actively worked at the time the examination was made. The Yogo district 
is a region of abandoned quartz prospects and placer locations. -The Spring 
Creek district contains several properties with copper apparently as the chief 
value. None of the claims are developed to producing capacity. 

In addition to the districts enumerated there are isolated mineral deposits of 
small extent in various localities, principally at the heads of Middle Fork of 
Judith River. It is not improbable that mineralized areas will be discovered 
elsewhere in the reserve, particularly at the head of South Fork of Judith 
River, where extensions of the Sapphire district may be expected to occur. 

AGRICUIiTURAIi I^ANDS. 

The lands either occupied or suitable for agricultural purposes, comprising 
9,250 acres, consist of bottom lands in the different canyons and of a few small 
tracts in the foothill region, chiefly in T. 15 N., R. 11 E., where they aggregate 
2,800 acres, the largest area of cultivable land in any township in the reserve. 
Nearly all of the agricultural lands are so situated that irrigation is necessary to 
make them productive. The areas actually under cultivation do not exceed 1,000 
acres. The largest proportion of them are situated in T. 15 N., Rs. 9 and 10 E., 
and in T. 13 N., R. 10 E. 
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GRAZING IiANI>8. 

The grazing lands have an area of 99,070 acres. To this may properly be 
added the woodlands, which are more or less completely grassed over and have 
long been used for pasture. Including these tracts, the available grazing land 
comprises a grand total of 124,210 acres, classified as follows: 

CUut^icalion of grazing lands in the LiJttU Belt MouniainM Forett Reterrt. 

Acres. 

Foothills 40,000 

Woodlands 25,140 

Ancient fire glades, chiefly sabalpine, and other nontimbered tracts in that 
xone, collectively called **parks" 59,070 

Total 124,210 

The grazing areas in the foothills are confined to tracts having an elevation 
between 5,000 and 6,000 feet They are situated as follows: In T. 15 N., R. 
10 E.. the two eastern tiers of sections; in T. IM N.« Rs. 10 and 11 E., the first 
southern tier of sections; in T. 10 N., R. 12 E., the two southern tiers of sec- 
tions; and in T. 10 N., R. 13 E.« all except the north tier of sections. All 
these tracts are timberless, or contain only scattered trees of limber pine, yellow 
pine, and red fir, and occasionally some juniper scrub; they are situated below 
the line which marks the lower limit of forest, and owing to semiarid conditions 
can nfiver become stocked with forest trees; they have been well covered with a 
grassy sward, but have long been too closely pastured in roost localities by both 
cattle and sheep, and have a low grazing value at the present time. 

The woodlands range in altitude from 5,500 to 6,500 feet. Most of the 
tracts are situated in T. 13 N., R 11 E., but scattered areas occur throughout 
the southern tier of townships. Originally they had a ground cover composed 
of bunch grass and trailing juniper, and in some localities they still retain a fair 
amount of grass, but, as they have long been used as cattle range and sheep runs, 
much of the land has been too closely pastured, particularly where the sheeping 
has \)een concentrated in limited tracts. The ground cover of juniper remains 
and is j^preading into the grassy areas. 

The remainder of the grazing lands consists of ancient fire glades and of 
tracts nearly bare of forest owing to their position near timber line. Some of 
the tire glades occupy portions of bottom land in the larger canyons; some are 
on the southern slopes of the mountains; but most of them lie on the sununits 
of the ridges and divides, l)etween 7,90l) to 8,;HK> feet elevation. These openings 
are known as •Sparks.*' Above the 7,80<>-foot level they are abundantly and 
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evenly covered with a tough, nearly continuous, sward of subalpine grasses and 
sedges, and on the slopes and bottoms of canyons by interrupted growths of 
bunch grass artd weeds. 

All of the valley areas belonging to this class of grazing lands have long 
been pastured by cattle and horses, and possibly by sheep, but only in lesser 
degree. Here and there they show eflfects of overgrazing, but in the main are 
in fair condition. They comprise in the aggregate 10,000 acres, of which 2,000 
acres are situated in the southern tier of townships in the Musselshell drainage, 
6,000 acres in the Judith River basin, and the rest in valleys of various 
small creeks in the two northern tiers of townships. 

The subalpine portions of the grazing lands have an area of 40,000 acres. 
Owing to the luxuriant growth of grass they are by far the most valuable of 
the pasture areas in the reserve, but are utilized only by the few prospectors who 
annually visit them, the great number, of insect pests which infest them render- 
ing them almost useless for cattle or horse ranges. In former years they may 
have been used for sheep pasture, but evidently never very extensively, as none of 
the tracts show signs of overgrazing. The largest areas of these grazing lands occur 
along the summit of the Yogo-Porphyrj' Peak ridge, along the summit and upper 
slopes of the Yogo-Neihart Baldy ridge, at the head of Lost Fork of Judith 
River, and on the summit of the big blocks of limestone which lie along the 
main axis of the Little Belt Mountains, between the head of Daisy Dean Creek 
and Twin Peaks, in T. 11 N., Rs. 12 and 13 E., where some tracts contain 
several thousand acres unbroken by lines or stands of forest. All of the tracts, 
with the exception of 3,000 or 3,500 acres near Yogo Peak and on the sunmiit 
of Neihart Baldy, owe their origin to fire and mark the site of former stands of 
subalpine forest. 

WOODIiAXD. 

The woodlands, with an area of 25,140 acres, are in the foothill regions in the 
southern, eastern, and northern townships of the reserve. They carry thin lines, 
small copses, and scattered trees of limber pine, yellow pine, and red fir. Prac- 
tically they have no value for silvicultural purposes. They are, however, capable 
of bearing a larger amount of timber than the}' now do, but their position within 
areas of semiaridity or subhumidity will always preclude any close and extensive 
stockage of forest. These lands include the east half of T. 13 N., R. 11 E., con- 
taining 12,000 acres, and scattered, irregular tracts in the southern tier of townships, 
namely: 6,000 acres in T. 10 N., R. 10 E.; 1,040 acres in T. 10 N., R. 13 E., and 
6,000 or 5,500 acres in T. 15 N., R. 10 E., the northeast corner of the reserve. 



16 LITTLE BELT MOUNTAINS FOREST BESEBVE, MONTANA. 

FORE8T CONBITION8. 
COMPOSITION, AND REGIONAL AND ALTITUDINAL DISTR{BUTION. 

Most of the forest in the reserve is made up of coniferous species, as follows: 

Specieg in Little Belt Mountains Forest Reserve, 

Limber pine Pinua flexilis 

I>xlgepo1e pine Pinus murrayana 

Yellow pine Pinus ponderosa 

Whit(vl>ark pine Pinus albicaulia 

Red fir Peeudotsuga taxifolia 

Sabalpine fir Abies lasiocarpa 

Engelmann Fpruce Picea engelmanni 

There is also a small percentage of deciduous-leaved trees, mostly represented 
by aspen, cottonwood, wild cherry, and various species of alder and arborescent 
willows. The percentages of the diflfcreut species, averaging the entire reserve and 
basing the estimates on basal diameters exceeding 3 inches, are as follows: 

Percentage of species in Little Belt Mountains Forest Reserve, 

Per cent. 

Limber pine 8. 2 

Ixxigepole pine 34. 2 

Yellow pine 07 

White-bark pine 009 

Red fir 44.7 

Subalpine fir 1.4 

Engelmann spruce 11. 4 

^ Aspen and cottonwood 021 

Owing to the climatic conditions in the areas surrounding most of the reserve 
the arrangement and general distribution of the diflferent species of trees are 
somewhat complex. A large portion of the tract consists of a narrow mountain 
axis flanked by areas with a moderately high mean summer temperature, which 
are arid or semiarid by reason of comparatively low elevation. The result of 
this combination of climatic conditions and geographic position is that the species 
which normally would remain in the lower zones of the forest are found at 
altitudes where they are mingled with the species of the subalpine zone. As the 
mountain regions of the reserve are variously influenced by the climatic features 
of the plains, it follows that the different portions of the reserve exhibit this 
intermingling of forest zone in different degrees. 

The lowest fringe of forest adjoining the woodlands, or in some cases 
directly abutting on the nontimbered plains, consists of red fir, limber pine, and 
yellow pine. It lies at elevations of between 6,000 and 6,500 feet. Above the 
latter altitude the yellow pine soon thins out and disappears, the limber pine 
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becomes less abundant, lodgepole pine comes in, and the percentage of red fir 
greatly increases. Here and there, mostly along the streams and on adjacent 
slopes, Engelmann spruce is mixed with other species in small or moderate pro- 
portions. Above the 7,500-foot level red fir rapidly thins out — often it is 
entirely lacking at that altitude, especially if the slope has a northern exposure — 
lodgepole pine is very abundant, subalpine fir appears, and the percentage of 
Engelmami spruce greatly increases. At an altitude of 8,200 feet red fir has 
wholly disappeared, lodgepole pine occurs as scattered trees, while Engelmann 
spruce, subalpine fir, limber pine, and, rarely, white-bark pine constitute the final 
or subalpine forest zone. 

The altitudinal limit of the red fir is highest on the slopes draining into 
Musselshell River, in the southern tiers of townships, where it attains an eleva- 
tion of 8,000 feet. It is lowest in the Belt Creek drainage, in the northwestern 
conier of the reserve, where it scarcely reaches the 7,000-foot level. The near-by 
warai areas of the open Musselshell Valley on one hand, and the high subalpine 
tracts at the head of Belt Creek on the other, cause this change in the altitudinal 
range of the species. 

The altitudinal range of the limber pine is similarly aflfected. It is usually 
found in the foothills, but when it grows on ridges which front directly on the 
plains, or are situated within the influence of the dry, heated air currents, 
it becomes a member of the subalpine group of trees, and is found at altitudes 
of 8,300 feet, as in the Yogo Creek basin and on the areas draining into the 
Musselshell. 

The upper limit of the lodgepole pine varies from 7,800 to >8,100 feet. Cli- 
matic conditions aflfect this species by arresting its downward extensions. While 
the tree may be found along the streams as far as the poin^ where they enter 
the plains, its range en masse stops at the 6,500 or 7,000 foot level on the slopes 
draining to the Musselshell, where the arid climate of the plains is felt. In the 
interior of the Belt Creek drainage, where the dry air of the plains does not extend, 
the downward range of the species is as low as 5,400 feet. 

In the northeastern and southern townships the climatic influence of the 
adjacent plains causes the lower limit of the various zones of forest to rise 800 
to 1,000 feet. In the western and central townships, beyond the influence of the 
plains, the downward limit of the forest zones is extended for 600 to 1,000 feet. 

There is no definite timber line in the reserve. If one existed it probably 
would lie at 9,800 or 10,000 feet. None of the peaks reach above the 9,000-foot 
contour, and while several of the highest areas are devoid of timber, this is owing, 
not to their altitude, but either to past fires and deficient restockage or to stony 
and barren ground. 

9576— No. 30—04 2 
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The different species are found throughout the reserve within their aldtudinal 
limits with the exception of the white-bark pine, which is confined to the high 
suniniits of Mixes Baldy, Yogo Peak, and Neihart Baldy. The heaviest and most 
extensive areas of lodgepole pine are in the Belt Creek drainage, where it forms 
85 per cent of the forest, and iji the upper portion of South Fork of Judith basin, 
where it forms 99 per cent of the stand on 30,000 or 35,000 acres. In the Mus- 
selshell drainage it constitutes only a small percentage of the timber, its place 
l)eing taken by red fir. 

The limber pine has a fairly uniform distribution, but is rather more plen- 
tiful in the northeast quarter of the reserve than elsewhere. The yellow pine is 
comparatively infrequent in the Belt Creek drainage, and is more common in the 
lower areas of Judith River basin, although it is nowhere abundant It is found 
found in greatest amount on the Musselshell slopes, particularly in the valley of 
Spring Creek, in T. 10 N., R. 10 E. Its relative scarcity and uniformly poor 
form show that this region is not adapted to its extensive development. 

The red fir is very abundant thi*oughout Judith River basin and on the 
slopes in the Musselshell drainage. In Judith River basin it is commonly asso- 
ciated with lodgepole pine and Engelmann spruce, forming from 20 to 65 per 
cent of such mixed stands. On the Musselshell slopes it frequently composes 85 
to 95 per cent of the forest, the remainder being limber pine, yellow pine, and 
Engelmann spruce. 

The subalpine fir occurs on all the high ridges throughout the resei"ve. Hei-e 
it is distinctly what its name implies — a subalpine species. With the exception 
of the white-bark pine and the yellow pine none of the trees composing the 
forest are more restricted in their range. 

The spruce occurs in all portions of the i"eserve, but never in pure growth 
stands, its proportion varying from 10 to 80 per cent. The highest percentages 
are reached in veteran stands at middle and lower subalpine heights; the lowest 
percentages where the species is in mixed stands of well-stocked lodgepole pine at 
middle elevations. The heaviest and best stocked stands of spruce occur at the 
head of Middle Fork of Judith River in growths 300 to 350 years old. 

Aspen and cottonwood, together with various species of alder, arborescent 
willows, cherry, service berry, and thorn, represent the broad-leaved components 
of the forest. Their proportion in the general mass is insignificant. They form 
fringes in the lower areas of the different valleys, usually along the streams. 
Occasionally the aspen spreads over the slopes and ascends to altitudes of 7,500 
feet or even higher. 

The general composition of the forest as it now stands is not a normal one. 
It has been greatly modified and altered by fires both during the time the Indian 
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held possession of the country and since the advent of the white man. As a 
result of fires the percentage of lodgepole pine has been increased and that of 
red fir and Engelmann spruce decreased. A forest of normal composition^ such 
as would cover the reserve were fires wholly eliminated and cutting closely regu- 
lated during a century and a half, should consist, approximate! v, of 62 per cent 
red fir and 25 per cent Engelmann spruce, while the remainder would be made up 
of lodgepole pine, subalpine fir, and small proportions of limber and white-bark 
pine. 

AGES AND DIMENSIONS OF TREES. 

Most of the forest in the reserve is composed of stands in the sapling or pole 
stage of growth, 80 per cent being less than 150 years old. The veteran stands 
are almost wholly confined to the summits of the higher ridges, to the upper portion 
of Middle Fork of Judith basin, and to the canyons in the Musselshell drainage, 
but single trees or small copses of old growth arc also scattered throughout the 
pole stands. The age of the veteran stands varies from 250 to 350 years, most of 
the old growth in the subalpine areas being nearer 250 years. The younger stands 
show a moderate degree of variation in their relative ages. Most of them occur 
in large bodies of nearly even age, indicating that the ancient fires, like the more 
recent ones, devastated large areas simultaneously. Of the forest less than 150 
years of age about 36 per cent, covering in the aggregate 52,000 acres, is less than 
45 years old. 

The age of the timber on the slopes and summits is shown in the following 
table: 

Age of timber on slopes and summitj^. 



Sp>ecie8. 



Lodgepole pine 

Limber pine (foothills) . . 

Limber pine (7,500 to 8,000 feet) 

White-bark pine 

Suhalpine fir 

Engelmann spruce 

Red fir (middle elevations) , 

Red fir (high altitudes) 



Height. 



Diameter, 
breast high. 



Fc€t. 
60-80 
3(M0 
3040 
25-35 
40-50 I 
50-75 
60-80 
30 



Inches. 

8-10 
14-16 
14-16 
20-25 
10-14 
16-25 
10-14 

8-9 



Age. 



Years. 
135-175 
120-150 
250-280 
250-300 
130-150 
150-200 
120-150 
120-150 



Most of the timber is of slender growth even when mature. The largest 
specimens observed were as follows: Red fir, 5 feet in diameter; white- bark pine, 
3 feet; Engelmann spruce, 4i feet; limber pine, 3 feet. These diameters were 
exceptional. 
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Low ratias of soil humidity, induced by the not overabundant rainfall; rapid 
drainage, caased by steep slopes; thin soil; lack of duff or humus to prevent 
.surface evaporation; and a sterile soil — all cause the growth to be exceedingly slow. 
Exceptions occur in the swales and bottom lands, where there is greater moisture 
and the soil is deeper, but the great body of the forest requires from one hun- 
dred to one hundred and twenty years to yield merchantable poles and from one 
hundred and twenty to two hundred and fifty years to supph' sizeable saw timber. 

CHARACTER, VALUE, AND VOLUME OF MERCHANTABLE TIMBER. 

The chief value of the forest is in its effect on the conservation and regulation 
of the run-off. From a commercial point of view, the only product of value 
consists of pole and fuel timber, as there is comparatively little, at least in the 
easily accessible areas, large enough to furnish saw logs. The mill timber every- 
where is of poor quality. 

A greater volume of mill timber is obtainable from the red fir than from any 
other species. It has been less cut because its tough, stringy wood is not suited 
for mill ti&ber, its rapid taper unfits it for poles of any considerable length, 
and it occurs most plentifully in areas remote from market. 

The lodgepole pine comes next in volume. Owing to its abundance near 
mining centers it has been more largely cut than any other species, notwithstand- 
ing the fact that it is less durable and much inferior generally to other conunon 
and accessible species. 

The spruce ranks after the lodgepole pine in volume of mill timber. Little 
of this species has been cut bex^use the best and thickest stands are difficult of 
access and remote from transportation and points of demand. 

The yellow pine is cut wherever accessible. The proportion of this species 
and of white-bark and limber pine is so small that altogether they do not 
enter appreciably into the quantity of mill timber that the forest is capable of 
supplying. 

In the volume of pole and fuel timber the lodgepole pine heads the list, 
having nearly three times the volume of the red fir. Next in rank comes the red 
fir, followed by the spruce, while of the less abundant species limber pine shows 
a relatively large volume owing to its occurrence mostly as an old growth. 

The yield of mill timber runs low everywhere throughout the reserve. It 
varies from 500 to 7,000 feet B. M. per acre, but the latter amount is found only 
in veteran stands of Engelmann spruce. The low yield of mill timber is due to 
the scattering and intermittent grouping of trees large enough to cut for saw logs. 
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On hundreds of acres large tracts of close-set, middle-aged stands of lodgepole pine 
and red fir will not yield a single saw log, and the subalpine areas contain only 
scattered trees of the necessary dimensions. When squared the average diameter 
of the mill timber throughout the reserve is probably 9i or 9|| inches. As 
ordinarily cut, from 15 to 20 logs are required to produce 1,000 feet B. M. 

The yield of pole and fuel timber varies from 400 cubic feet per acre in the 
thinly stocked woodlands to 5,000 cubic feet per acre in fully stocked lodgepole- 
pine stands such as occur at the head of South Fork of Judith River. The 
comparatively low average of this class of timber is due to the thin subalpine 
stands and to the large areas covered with 40 to 50 years old growth too slender 
and immature to be taken into the account. No timber in the reserve can at all 
approach the lodgepole pine in possible yield of pole and fuel timber. Were all 
the tracts capable of producing this species stocked to their full capacity 60 per 
cent of the reserve would yield at least 5,000 to 5,500 cubic feet per acre. 

The total volume of mill timber in the reserve, estimated on the basis ol 8 
inches diameter, breast high, and 10 feet of available bole, with the amount 
contributed by each species, is shown in table below: 

Volume of mill Umber in the Little Belt Mountains Forest Reserve. 

Feet B. M. 

Limber pine 1 , 050, 000 

Lodgepole pine 70, 100, 000 

Yellow pine 6,300,000 

Red fir 111,650,000 

Engelmann spruce 52, 850, 000 ' 

Total 241,950,000 

The above volume gives an average stand of nearly 1,020 feet B. M. per 
acre for the forested areas of the reserve. 

The volume of pole and fuel timber, basing the estimates on diameters of 
not less than 4 inches, is as follows: 

Volume of pole and fuel timber in the Little Belt Mountains Forest Reserve. 

Cubic feet. 
Limber pine 14, 895, 000 

Lodgepole pine 239, 340, 000 

• Yellow pine 400, 000 

White-bark pine 400,000 

Red fir 113,085,000 

Subalpine fir 2, 520, 000 

Engelmann spruce 41, 170,000 

Total 411,810,000 
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The above total gives an average of nearly 1,730 cubic feet per acre. If 
the mill timber is converted into cubic measure on the basis of 180 cubic feet 
to 1,<XXJ feet B. M., and added to the pole and fuel timber, the average is brought 
Up to 1,914 cubic feet per acre. 

CUTTING. 

The tracts logged to exhaustion and those merely culled comprise 59,600 acres, 
or nearly 25 per cent of the forest area. Most of these logged and culled districts 
are situated in the northern and eastern tiers of townships. The area cut over 
in the southern townships is insignificant, comprising but a few hundred acres. 
The central areas ha\'e hardly been touched. 

The largest area of cut-over forest, 30,000 acres, is in the Belt Creek drainage 
in T. 14 N., R. 8 E., and in T. 15 N., Rs. 8 and 9 E. In T. 14 N., R. 8 K, and T. 
15 N., R. 8 E., there remain but a few hundred acres of accessible merchantable 
timber not culled over, while in T. 15 N., R. 9 E., 70 per cent of the merchant- 
able forest has been cut. The large amount of cutting on these tracts is due to 
their proximity to the mining camps at Neihart and Barker, and also to the 
circumstance that Tps. 14 and 15 N., R. 8 E., are bisected by a branch line of the 
Great Northern Railroad, affording convenient transportation for the timber 
products to outside points. The cutting has been for mill timber, fuel, fencing, 
mine props, and smelter poles. All of these classes of timber have been exported 
and all have also been used locally, except smelter poles. Cutting was active until 
the reserve was created, since which time it has gradually declined. At present 
only a small amount is cut to supply the agricultural areas. 

The sawmills which formerly operated in the reserve have mostly moveil 
away or closed down. There is one mill in the canyon of Dry Fork of Belt 
Creek, another in Dry Wolf Canyon, and another in Spring Creek Valley, in T. 
10 N., R. 10 E. — all small mills with a capacity of a few thousand feet each a day 
and not in active operation at the time the examination was made. With the 
closing of the mines at Neihart and Barker most of the local demand ceased. 
The Sapphire mine in T. 13 N., R. 11 E., draws on the reserve for limited quan- 
tities of mining timl)er, obtaining most of it from Yogo Canyon. Heretofore 
large quantities of mine props, have been shipped to the coal mines at Belt and 
Sand Coulee, but this demand appears also to have fallen off since the forest- 
reserve regulations governing cutting came into fon>e. Up to the winter of 1902 
there was a fair demand for smelter poles at Great Falls, Mont., and very large 
quantities of pole timber were cut and shipped to that place. These poles are 
used in the copper smelter at Great Falls, being introduced with the charge to 
effect certain changes in the ore. They ^re cut 30 feet in length with diameters 



FOREST OONDITIONB. 28 

varying from 5 to 8 inches at the butt, to 3 or 3^ inches, or less, at the small end. 
The poles are sold by weight — 345 pounds being considered equivalent to one 
pole. The}^ are cut from green timber, lodgepole pine being preferred because 
it tapers less within the 30-foot length than red fir or spruce. Most of the 
poles have been cut around Neihart and Barker. Owing to the Government 
stumpage and the rule requiring the piling of tops and limbs it is claimed that 
poles can no longer be shipped with a profit. 

The cut-over areas have uniformly been left in bad condition. No attempt 
has been made to pile tops and limbs. Thousands of poles, mine props, and saw 
logs have been wasted by being left to rot where felled. In a few localities the 
earlier cut areas have been cleaned up by fire, #vhieh also burned the uncut 
timber, but generally the waste, both in the forest and around the sawmill settings, 
thickly litters the ground in all directions. 

While the streams in the reserve are not drivable, as a rule, most of the really 
valuable merchantable timber is not particularly diflicult of access. Logging 
roads can be constructed at moderate cost, and in those canyons where road 
making would be difficult and expensive, particularly in the Musselshell drainage, 
there- is no timber worth logging. 

BURNS. 

The areas burned over since the advent of the white man comprise in the 
aggregate 111,600 acres. The devastation has been wrought during the last 
thirty -five or forty years, chiefly since the location of Neihai*t and Barker mining 
can^ps. However, during the Indian occupancy there were many fires, as shown 
by the age of the forest and the composition of the stands. 

No large area of the reserve has remained untouched by fire during the last 
one hundred and fifty years. The most extensive unburned tracts are at the 
head of Middle Fork of Judith River and contain 3,000 or 4,000 acres. They 
have not been touched by fires during the last three hundred and fifty years. 
Since the advent of white men fires have been most severe and widespread 
in the two northern tiers and the most southern tier of townships, and during 
the last century and a half of Indian occupancy the most extensive burns were at 
the head of South Fork of Judith River, extending across the main divide 
of the Little Belt Mountains and including most of the lower slopes of the 
Musselshell drainage. The age and composition of the forest show that rela- 
tively more ground has been burned over during the occupancy of the region by 
the white man than during the last three generations of Indians, as during the 
forty years of the white man's occupancy 22 per cent of the reserve was laid 
waste, and during the preceding one hundred and ten years 58 per cent was 
burned over. 
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In this region fire.s almost invariably totally destroy the forest, except in 
the thin subalpine stands. The timber is rarely consmned by the first fire. 
U.sually it is killed and left standing, and is later overthrown by wind and 
de*»troyed by future fires. The destructiveness of the fires is due to the vast 
amoimt of litter that accumulates in the closely-stoeked stands. Below the 
middle of the subalpine zone all reforestations after fires begin with standi 
strx;ked excessively close. As the forest becomes older and the natural processes 
of pruning set in, great quantities of dead wood begin to litter the ground and 
furnish material for future disastrous conflagrations. There is little humus or 
dutf on the forest floor to assist in spreading the fires, but on the northern slopes 
a moss cover, 2 to 4 inches in»depth, is commonly present, and during the height 
of the dry season burns readily where at all abundant. 

RESTOCKAGE. 

In the woodlands and in the subalpine forest young growth is scanty and on 
the whole deficient, whether as restockage after fire or as the ordinary renewals 
in the growing stands. In the forest lying between these two zones young growth 
is abundant, except in the already fully stocked lodgepole-pine and red-fir stands, 
and in areas on which fire-killed and fallen timber has been consumed in a clean- 
bt^ming fire. 

The young growth in the woodlands is composed of limber pine, yellow pine, 
and red fir^ the first-named species predominating. The growth is thin and 
scattering and is greatly retarded by the extensive and close matting of creep- 
ing juniper. In the upper subalpine zone there is sufficient young growth 
to keep the stands stocked slightly above their present percentage, as young 
spruce, subalpine fir, limber pine, and lodgepole pine are slowly reoccupying the 
grassy areas which formerly were clothed with forest. It is evident that the 
subalpine forest as a whole has a low reproductive ratio, and it is also clear 
that when entirely destroyed by fire a grassy Jburf takes the place of forest and 
remains indefinitely. Some of the grassy fire glades at subalpine elevations, into 
which the young growth is now slowly creeping, must have remained in their 
present nontimbered condition for centuries. They are full of buffalo trails and 
wallows, showing that they served for long periods as summer pastures. That 
they once were covered with forest may be inferred from the fa<!t that similar 
grass tracts, in process of formation as the result of fires kindled by the white 
man, and showing every stage in the transformation from half or completely 
burned forest to grass land, arc met with in many localities along all the high 
dividas throughout the reserve. 
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Below the subalpine levels the forest generally is so closely stocked that 
little additional growth has a chance of surviving the seedling stage. On the 
burned-over areas in the Belt Creek drainage excessively close-set stands of lodge- 
pole pine have taken possession of the ground. There is a fairly good restockage 
on the burns in the drainage basin of Dry Wolf, and partially so in that of Run- 
ning Wolf Creek. But the reforestations 9n the burns on Taylor Peak and on 
the northern tier of sections in T. 14 N., R. 10 E., are extremely thin and deficient. 
Reforestation also is deficient on the burned-over tracts in the southern tier of 
townships on the Musselshell slopes. 

Within its altitudinal limits lodgepole pine is the leading species in all restock- 
ages in the central and northern portions of the reserve. In the southern areas, 
at least on the Musselshell slopes, red fir becomes the chief species. In the cen- 
tral and northern portions of the reserve lodgepole pine is sure to replace the red 
fir in practically every case. In the southern areas red fir follows red fir, or 
the ground remains nontimbered, unless the seepage is considerable, in which case 
small quantities of lodgepole pine mav accompany the red fir as well as lesser 
proportions of Engelmann spruce. The variations in the composition of the young 
growth are caused by variation in the degree of aridity, as the red fir is better 
able to resist arid conditions than the lodgepole pine. 

In some localities where the lodgepole pine has been logged and large open- 
ings made, red fir and spruce show a marked tendency toward larger proportions 
than they displayed in the uncut stands, but in general the lodgepole pine has 
attained such proportions in the reserve that, no matter how carefully the forest 
is handled, it is bound to retain its superiority, at least during the next hundred 
years, to the exclusion of better trees. 

TOWNSUIP DESCRIPTIONS. 

Township 10 North, Range 10 East. 

Topography, — Most of the township is situated in the valley of Spring Creek, 
a broad, terraced depression inclosed on the east and west by comparatively low, 
much-broken spurs, which stretch south from the main range of the Little Belt 
Mountains in the township on the north. 

Mining, — Prospects on quartz ledges are scattered throughout Spring Creek 
Valley. 

Minerals, — Chopper and gold chiefly. 

Soil, — Commiiuited limestone debris overlain and mixed with thin loam. 

Agricultural adaptahility , — Small tracts in Spring Creek bottoms are culti- 
vable. The aggregate area amounts to 250 to 300 acres. 
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Grazing capdcity, — The south half of the district is thinly wooded and for- 
ested, and affords numerous grassy openings suitable for pasturage. It is utilized 
for cattle range, and as yet has not b^en overgrazed. 

Drainage conditions, — The run-off which originates in the township is of small 
volume and is carried by Spring Creek. Most of the minor lateral canyons and 
runs are dry throughout the greater portion of the summer and fall. 

Towns and aettlemenis, — The township contains no settlements, though miners' 
cabins are scattered throughout the mineral-bearing districts. One small sawmill 
is located on Spring Creek, and two or three farms are situated on the tillable 
lands in this valley. 

Forest conditions. — The forest consists of mixed stands of red fir, spruce, and 
limber pine, with small proportions of lodgepole pine on the summit of the higher 
ridges, and here and there lesser percentages of yellow pine. In the eastern por- 
tion of the township the stands are continuous and fairly well stocked. In the 
valley of Spring Creek and on its western slopes the stands are thin, grassy glades 
and rocky exposures breaking their continuity. The yellow pine in the district 
is confined mostly to the bottoms of Spring Creek. In general the timber is of 
slender growth, stock}'^ and limby in the thinly stocked stands. 

Woodlands, — Portions of the southern areas are thinly stocked with scattering 
growth of limber pine and red fir. The stands and copses are set on grassy flats 
and hillsides, and have only a fuel and pole value. 

Cutting, — A block of forest in Spring Creek Valley 3 miles long by one-half 
to two-thirds of a mile wide has been culled of most of its mill timber, par- 
ticularly of the yellow pine. 

Burns. — Severe burns have ravaged the township during the last six or eight 
years, and have laid waste most of the forest. 

Reproduction. — Restockage is very deficient on all the burned areas. The 
tendency is toward grass cover in place of forest. 

Undergrowth. — Scanty . 

Litter. — In the burned tracts litter, consisting of the unconsumed timber, is 
very heavy and is constantly accumulating. In the green stands litter is light. 

Humus. — None. 

Clamfication of lands in T. 10 N., K 10 E. 

Acres. 
Forested 6,540 

Wooded 6,000 

Nontimbered 10, 500 

Badly burned 10,200 

Logged 600 

Agricultural 300 

Grazing (woodland) 6,000 
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ToUd stand of timber in T, 10 N., R. 10 E, 



27 



Species. 



Mill timber. 



Fed. B. M. 



Limber pine 

Lodgepole pine 

Yellow pine 

Red fir 

Engelmann spruce. 

Total 



1,800,000 

5,800,000 

700,000 



8, 300, 000 



Pole and fuel 
timber. 



Cubic feeL 
200,000 
300,000 
100,000 
4,000,000 
900,000 



Total volume of 
all timber. 



5, 500, 000 



Oubijc fed. 

200,000 

300,000 

424, 000 

5, 044, 000 

1,026,000 



6,994,000 



Composition of forest in T, 10 N., R. 10 E., including trees of all species irilh basal diameters of 3 inches 

and uptvard. 

Per cent. 
Limber pine 1.5 

Lodgepole pine 1.5 

Yellow pine 2 

Red fir 85 

Engelmann spruce 10 

Composition of the woodland growth in T. 10 N.j R. 10 E.j including trees of all species with basal diameters 

of S inches and upv)ard. 

Per cent. 
Limber pine 8 

Red fir 92 

Township 10 North, Range 11 East. 

Topography. — The township consists chiefly of the Daisy Dean block — ^a great 
uplift of limestone lying between Spring and Daisy Dean creeks on the Mussel- 
shell slope of the Little Belt Range. The block is deeply cut by numerous 
narrow, cliff-bound canyons, and is completely pierced by the canyon of Daisy 
Dean Creek. 

Mining, — None. 

Soil. — The soil throughout the district is thin and stony. 

Agricultural adapt ahility. — Small tracts situated on Daisy Dean Creek near 
the south line of the township are tilled. They comprise in the aggregate 250 
to 300 acres. 

Grazing capacity. — The grazing areas are scattered throughout the township 
and consist of open, grassy hillsides in the southern areas, grassy lire glades in 
the valley of Daisy Dean Creek, and ancient burns not restocked on the summit 
of the uplift. 

Drainage conditions. — The outflow from the township is small, and is carried 
mostly by Daisy Dean Creek. Most of the canyons are dry except in the spring. 
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TowuH and settlements, — There are no settlemente in the township. One set- 
tler occupies a small tract of land in section 28. 

Ft/reM amditions, — The forest consists of red fir at the lower and middle 
elevations, and lodgepole pine, subalpine fir, and Engelmann spruce at the highest 
altitudes. Most of the red fir is in the pole stage of growth. The timber is 
uniformly stocky and limby, is difficult of access, and has only a fuel value. 

Cutting. — In the southern areas 200 acres have been culled 75 per cent. 

Bums. — Most of the north half of the township, formerly well stocked with 
timber, has been burned over and the forest totally destroyed. The fires have 
been particularly destructive in the upper and central Daisy Dean drainage, 
where all the timber, with the exception of a few hundred acres of red fir, has 
been completely consumed. 

Reproduction. — Young growth is sc»nty throughout the township. There is 
as yet little or no restockage on the burned-over areas. 

Undergrowth. — Consists of a small amount of inconspicuous shrubs. 

Litter. — There is a great amount of dead and fallen timber on the burned- 
over tracts. 

Humus. — None. 

Classification of lands in T. 10 A"., R, 11 E, 

Acres. 
Forested 4,040 

Nonforeeted ...19,000 

Badly burned 12,000 

Logged 1,200 

Agricultural 300 

Grazing 6,000 

Bare rocks 700 

Total stand of timber in T. 10 iV., R. 11 E, 



Species. 


Mill timber. 


Pole and fuel 
timber. 


Total volume of 
all timber. 


Limber pine 


Feet B. M. 


Culric/ed. 

200,000 
3,000,000 
2,500,000 

730,000 


Cubic/eet. 

200,000 
3,000,000 
3,04Cr,000 

883,000 


Lodcreoole nine . 




Red fir 


3,000,000 
860,000 


Engelinann spruce 




Total 


3,850,000 


6,430,000 


7,123,000 
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Composition of forest in T. 10 N.y R. J I E.y including trees of all species with basal diameters of S inches 

and upward. 

Per cent. 
Limber pine 3 

Lodgepole pine 8 

Yellow pine Scattered trees. 

Red fir : 84 

Engelmann spruce 5 

Township 10 North, Range 12 East. 

Topography. — The township is situated on the southern or Musselshell slope 
of the Little Belt Mountains. The northern half consists of steep, castellated 
spurs and narrow, rocky canyons; the southern half comprises a rolling foothill 
region. The average altitude is 6,000 feet. 

Min ing. — None. 

Soil. — Gravelly loam, with gumbo in the southern portions. 

Agricidtural adaptability. — Owing to lack of water and to its rolling char- 
acter the region is not adapted to agricultural pursuits. 

Grazing capamty. — All the foothill region and many of the slopes in the 
northern sections are essentially pasture land, and have been so utilized. The 
pasture land has been badly overgrazed. 

Drainage conditions. — The outflow from the township is insignificant. 
Very little originates within its boundaries, and the stream beds are dry 
throughout most of the year. 

Tmons and settlements. — None. 

Forest conditions. — The forest is limited to tracts in the northern areas of 
the district and consists of thin lines and stands of red fir in the canyons and on 
the northern and western slopes. Mixed with the red fir are small proportions 
of yellow pine, limber pine, and lodgepole pine. In the extreme northwest 
corner of the township the highest spurs carry small stands of lodgepole pine 
and Engelmann spruce. The timber is stocky and limby and is diflScult of 
access for logging operations, owing to steep slopes and narrow canyons. 

Woodtunds.— The southern portion of the township carries scattered trees 
and small stands composed of limber and yellow pine. The growth is so sparse 
that it does not properly come within the woodland classification. 

Cutting. — Small tracts in the foothill areas, in the scattered woodland growth, 
have been cut over. 

Bums. — Extensive fires have devastated the northern areas in recent years, 
involving complete destruction of the timber on the burned-over tracts. 
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Reproduction , — ^The reproductive capacity of the forest is low. There is 
little young growth in the green stands and practically none on the bums. 
Red fir is the chief species in the restockage. 

Undergrowth. — Very little. 

Litter, — Light; the fire-killed timb'^r is mostly standing. 

Hum u8, — None. 



Clasnfication of lands in T, 10 N., R. if E, 



Forested 



Acres. 
6,400 



Nonf orested 16, 640 

Badly burned : 6,000 

Logged (culled) 1,000 

Agricultural None. 

Grazing 10,000 

Bare rocks 640 

Total (ttand of timber in T. 10 N., R. 12 E, 



Species. 



I Mill timber. 



Pole and fuel 
timber. 



FertB.M. 



Total volume of 
all timber. 



Limb<>r pine 

Lodgepole pint* 

Yellow pine 

Red flr 

fingelmann spruce . 

Total 



S00,000 
6,000,000 
2,000,000 



Cubicfed. I 

300,000 I 

80,000 I 



8,800,000 



4,000,000 
500,000 



4,880,000 



Cubic/fet. 

300,000 

80,000 

144,000 

5,080,000 

860,000 



6,464,000 



Oomp(}sUion of forest in T. 10 N., R, 12 E.^ including trees of all species with basal diameters of S inches 

and upward. 

Per cent. 

Limber pine 5 

Ixxlgepole pine 3 

Yellow pine 3 

Re<i flr 84.7 

tiubalpine fir 1 

Kngelmann spruce 6 

Township 10 North, Range 13 East. 

Topoifvaphy. — This township forms the southeast comer of the reserve, and 
(HiiisiiHtM of a rolling foothill region on the southern slope of the Little Belt 
Moiihtiiiiis, with an average elevation of 5,500 feet. 

Mining, - None. 
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>S<^7.— Thin, gravelly loam; alkaline gumbos in the valley bottoms. 

Agricultural adaptatyillty, — The tract is too rolling and has no water for 
irrigation purposes, and hence is not adapted to agricultural pursuits. 

Grazing capacity, — The township is essentially a grazing one. It has been 
closely sheeped and otherwise pastured, and its present pastui'age value is 
accordingly low. 

Drainage condition's, — The run-off is insignificant. Most of the creeks and 
ravines are dry during the greater portion of the year, and carry water only 
in the spring. 

Towns and nettlementH, — The settlements are limited to scattered sheep shacks. 

Forest condithm, — The township contains no forested land. 

Woodland, — Small tracts scattered throughout the township bear a very thin 
growth of red fir and limber pine of no value except for fuel. 

Cutting, — Culled over for farm use. 

Burni^, — None. 

Rep7*oditction. — Very scanty. The stands will, however, slowly increase in 
density and extent if fires are kept down and sheeping excluded, but the tract 
can never become forested owing to climatic conditions and soil aridity. 

Undergrowth, — Extensive mats of Juniperus procunibens occur throughout. 

Litte7\ — None. 

IIu7n us, — None. 

Classification of lands in T. 10 N., R, IS E, 

Acree. 

Forestetl None. 

Woodland 1,040 

Non timbered 22, 000 

Badly buraed None. 

Logged (culle<l) 800 

Agricultural None. 

Grazing 22, 000 

Total stand of timber in T. 10 N., R. IS E, 



Species. 



Limber pine 
Red fir 

Total. 



MUl timber. 



Fed B. M. 

None. 
None. 



None. 



Pole and fuel Total volume 
timber. ; of all timber. 



Cttbic/ect. 
25,000 
85,000 



110,000 



Cubiejeet. 

25,000 
85,000 



110,000 
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CompogUion of woodland grouih in T, 10 iV., R. IS E.y induding trees of all species unih basal dianuien 

of S inches and upward. 

Per cent 

Limber pine 15 

Red fir 85 

Township 11 North, Range 9 East. 

Topography, — Of this township only the east half, or 11,520 acres, is in the 
reserve. At the head of Richnaond Creek, in the northeast corner of the township, 
the main range of tlie Little Belts breaks down into a low gap, and forms a 
broad flat, holding a marshy lake that discharges into both the Judith and the 
Musselshell drainage. The township has an average elevation of 6,800 feet. 

Mining. — None. 

Soil. — Deep peat}' loam in the marshy area, limestone and quartzite debris 
elsewhere. Small quantities of bowlder drift are scattered over the slopes of 
the ridges and in the canyons. 

Agricultural adaptahility. — ^The district contains no arable land. 

Grazing capacity, — ^The marshy tracts, 250 to 300 acres in all, are used for 
pastures and hay meadows. In addition to these there are ^grassy fire glades, 
amounting to 1,800 acres, on the summit of the main range and along its upper 



Drainage conditions. — The outflow from the township is small. Most of it 
is discharged into the Judith drainage, only an inconsiderable portion flowing 
south into the Musselshell basin. 

Towns and settlements. — None. Hay claims are located on the marshy tracts, 
but nobody maintains a residence on them. 

Forest conditions, — ^The forest along the main range consists of scattered copses 
of limber pine, subalpine fir, and Engelmann spruce set in grassy fire glades. The 
southern slopes carry stands of red fir, spruce, and small quantities of yellow 
pine. On the northern slopes lodgepole pine, in nearly pure stands and very 
thickly stocked, is the prevailing species. The timber is small, scrubby, and limby. 
It is difficult of access from the northern side of the range, but is readily reached 
from the southern slopes. 

Outting, — Small quantities have been cut here and there on the lower slopes 
s(»uth of the main range and in the northeast comer of the township. 

Burns. — The grassy glades on the summit and slopes of the main range 
ri*.prosent ancient burns which have not yet been reforested. In the southern 
portion 50 per cent of the timber over 1,000 acres has been destroyed by recent 
tires. 
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Reproduction. — Deficient and scanty at high elevations in the subalpine forest 
and on the ancient burns, likewise in the close set lodgepole-pine stands on the 
northern slopes. There is a moderate amount of young growth on the southern 
slopes, where red fir fomis the leading species. 

Undergrowth, — Light. 

Litter, — Small amount in the lodgepole-pine forest; little elsewhere. 

Humus. — ^Very thin or altogether lacking. 

Clasaificatian of lands in T, 11 N., R, 9 E, 

Acres. 

Forested 9,470 

Nonforested 2,050 

Badly burned 1,000 

Logged None. 

Grazing 2,050 

Total stand of timber in T. 11 A"., R. 9 E. 



Species. 



Mill timber. 



Feet B. M. 



Limber pine 

Lodgepole pine 

Red fir 

Engebnann spruce. 

Total 



1,100,000 
5,000,000 
3,200,000 



I 



9,300,000 



Pole and fuel 
timber. 



Cubic feet. 

890,000 
5,000,003 
2,000,000 

850,000 



8, 740, 000 



Total volume of 
all timber. 



Cubicjeet. 

890,000 

5,198,000 

2,900,000 

i; 426, 000 



10,414,000 



Composition of forest in T. 11 N,y R. 9 E., including trees of all species with basal diameters of 3 inches 

and upward. 

Per cent. 

Limber pine 8 

Lodgepole pine 40 

Red fir 40 

Subalpine fir 2 

Engelmann spruce 10 

Township 11 North, Range 10 East. 

Topography. — ^The central and southern areas of the township are situated 
on the summit of the Little Belt Mountains. The sun^iit is here a broad, 
plateau-like area. It abounds in shallow depressions and low combs and ridges, 
partly composed of rock in place, partly of drift material — gmvel and lx)wlders. 
Along the south line of the township the plateau breaks off sharply by steep 
spurs and deep canyons to the Musselshell drainage. The northern parts of the 
957fr-No. 30—04 3 
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township consist of slopes with easy grades, descending from the plateau to the 
nariow and shallow canyon of South Fork of Judith River, which intersects thia 
part of the district. 

Milling^ — None. 

Soil, — Deep loam in the marshy depressions of the plateau; gravelly and 
stony on the ridges and slopes. 

Agricultural adaptahility, — No part of the township is cultivable. 

Grazing capacity. — ^The township is forested throughout and has no grazing" 
areas. 

Drainage conditions. — The northern and central portions of the township 
abound in marshy depressions, springs, and points of seepage, which give rise to 
one of the principal tributaries of South Fork of Judith River. The southern 
slopes, draining into the Musselshell basin, shed very little water. 

Towns and settlements. — None. 

Forest conditions. — Except where ravaged by fire, the township is covered 
with an extremely close-set forest of nearly pure-growth lodgepole pine, varying 
in age from 50 to 200 years. Small amounts of red fir occur on the southern 
slopes of the district, but the aggregate volume of this species is small in 
comparison with that of the prevailing lodgepole pine. 

Cutting. — None. 

Bums. — In the southern areas nearly 5 sections have been burned over and 
the forest destroyed to the extent of 95 per cent. 

Reproduction. — Practically none, owing to the excessively close-set standa 
which are stocked to their utmost capacity. 

Undergrowth. — Very light. 

Litter. — Great quantities of dead and fallen timber have accumulated in the 
stands of green forest, while the burned-over areas are choked with the fire- 
killed timber thrown down by heavy winds. 

Humus. — ^Thin layers of pine needles. 

ClamficatUm of lands in T. 11 N., R 10 E. 

Acres. 

Forested 20,000 

Nonforested 3,040 

Badly burned ../.. it 3,000 

Ix)gged None. 

Agricultural None. 

Grazing None. 
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Total stand of timber in T. 11 N,, R. 10 E, 
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Species. 


Mill timber. 


Pole and fuel 
timber. 


Total volume of 
all timber. 


Liiml)cr nine -_ ... .... ----- 


F€€t B. M, 


Cubicject. 
500,000 

70,000,000 
2,000,000 
3,500,000 


Cubicfeet, 

500,000 
71, 800, 000 


LodeeDole pine 


10,000,000 
2,000,000 
1,000,000 


Red fir 


2, 360, 000 


Englemann spnice 


3, 680, 000 






Total 


13, 000, 000 


76,000,000 


78,340,000 





Composition of forest in T. 11 iV., R, 10 E., indadinrj trees of all species with basal diameters of S inches 

and tipward. 

Per cent. 
Limber pine 0. 2 

Lodgepole pine 91. 8 

Red fir 5 

Engelmann spruce 3 

Township 11 North, Range 11 East. 

Topography. — The northern and central portions of this township comprise a 
plateau-like tract cut in different directions with gullies and ravines, which consti- 
tute the principal eastern water heads of South Fork of Judith River. The 
southern areas rise in precipitous slopes, forming the northern declivities of the 
Daisy Dean and Haymaker blocks. Most, or all, of the tmct is situated on the 
northern slope of the Little Belt main range, and has a mean altitude of 6,800 feet. 

Mining, — None. 

Soil, — Loam of moderate depth, underlain by gravel and bowlder drift. 

Agricultxiral adaptahiltty, — The township contains no arable land. 

Grazing capacity, — Small areas in the southern portions and grassy glades 
throughout the balance of the township constitutt^ the pasture lands. No domestic 
animals range in.this district. 

Drainage conditions, — The township supplies a modemte amount of run-off to 
the Judith drainage, scarcely any to the ^lusselshell. It contains no lakes or tarns, 
but is well supplied with springs and marshy places. 

TowriH and settlententu, — The township contains no .settlements. 

Foreat conditions, — The northern and central areas are stocked with an almost 
pure growth of lodgepole pine, s(»t exceedingly close. Most of it is a pole growth 
50 to 60 years old. In the high southeast portion of the townsliip the forest 
assumes the typical subalpine composition. The southerri portions bear stands of 
snull, scrubby red tir. 
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(Juiiintj, — None. 

BurnM. — There have })een extensive fires in southern and eastern portions in 
fwrent yoiirn, and the timber in most cases has been totally destroyed. 

HejjToihwtion, — Owing to the excessively close-set stands there is scarcely any 
young growth in the green forest. Restockage on the burned-over areas is as 
yfft thin and scattering.. 

Imd^rgrmrth. — Light. 

/Mt^r.—D^id and fallen pole timber is present in large quantities in the 
grieijii forent and on the burned-over tracts. 

//i/mt/*. — None. 

aas9ificaium of lands in T. 11 K, R, 11 E, 

Acres. 

Forirtrtwl 14,040 

SnuUmntiASil 9,000 

lUuWy »mrn»l 7,500 

I^'JWl None. 

AKncriiltiiml None. 

OmacliiK 1,000 

Ikirn rtHikn 500 

Total Mand of timber in T. 11 N., R. 11 E. 



HiK'**!*'*. 



\Mh\n*r |iiiuf 

ijA^it\tti\h plfiit ,. . 

iUA rtr 

rtH\iii\\iUm iU 

ToittI 



Mill timber. 



FeetB.M, 



9,000,000 
3,000,000 



2,000,000 



14,000,000 



Pole and fuel 
timber. 



Cubicfeet. 

500,000 

36,000,000 

8,000,000 

400r000 

3,000,000 



47,900,000 



Total volume of 
all timber. 



Cubicfcft. 

500,000 

37,620,000 

8,540,000 

400,000 

3,360,000 



50,420,000 



< 'omjHtMitioii nf ftirtmt in 7\ 11 iV., R, 11 E,, ijiduding trees of all species with basal diameters of S inches 

and upward. 

Per cent. 

LiiiiUtr |ilnt< - 3 

Lodyniinld \\\\\v 81.5 

1(11(1 (Ir 10 

HiiliMliiiiui llr..,,.* 5 

Kiil/itliiiuil Hprurt* 5 

'rowNHiup 11 North, Rakge 12 East. 

7ojiOf//'njdit/* All of the central and most of the southern areas of the 
di>slri<'t HH^ hUniitod on tho summit of Haymaker block, an uplift of limestone 
with li hwiil or youtly rolling surface and which here forms the summit of the 
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Little Belt Mountains. Its altitude varies from 7,200 feet to 7,800 feet. In the 
northern part of the township the block breaks off with precipitous cliflfs and 
scarps to the foothills of Judith River basin, forming a series of bold, prominent 
bluffs which are conspicuous landmarks of the retrion. Along the south line of the 
township the block is indented with the heads of ravines and ciinyons belonging to 
the Musselshell drainage. The ))lock is cut in two near its east line by Haymaker 
Creek, a small stream sunk in a canyon 1,000 to 1.500 feet in depth, with sheer 
sides and rough, bowlder-strewn bottom. The can\'on cuts through the main range 
of the Little Belt Mountains, almost at right angles with its axis, and con^^titutes 
a huge gap in the divide between South Fork of Judith River and Musselshell 
River, tributaries of the two streams named rising within a few feet of each 
other in the gap. 

Mining, — None. 

Soil. — Thin, gravelly loam, chiefly comminuted limestone debris. 

Agricultural adaptahilHy, — The township contains no arable land. 

Grazing cajmcity, — More than half of the township is grass covered. The 
grassy tracts lie mostly on the summit of the block and ow^e their origin to 
ancient tires and deficient restockage. 

Drainage conditions, — The district is remarkably deficient in run-off. The 
summit of the block is without springs, creeks, or points of seepage, and, with 
the exception of Haymaker Creek, the various canyons heading in the township 
are dry during summer and fall. 

Towns and settlenunitH, — There are no settlements. 

Forest conditions, — On the summit of the block and at the higher elevations the 
forest consists of thin lines and smali stands of subalpine fir and Engelmann 
spruce separated by grassy glades. On the northern slopes lodgepole pine is the 
prevailing tree, set in scattered stands — remnants unconsumed by fires. On the 
southern declivities the forest is mostly composed of red fir, with small proportions 
of lodgepole pine in the canyons. The timber is short and stocky and chiefly 
valuable for fuel. Only the southern slopes are accessible for cutting or logging 
operations. 

Cutting. — None. 

Bums. — Within recent years the northeni and in part the southern^reas have 
been swept by extensive fires, which have destroyed 80 per cent of the timber. 

Reprodu€timi. — Scant3^*throughout. On the burned areas there is no restock- 
age. The subalpine stands are not extending into the ancient fire glades, and in 
the recent burns on the summit of the block there is a manifest tendency to grass 
cover rather than to forest. 
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Urul^rgr^/frth. — Very light; chiefly trailing juniper scrub. 

LUt^r, —On the burned areas there is a moderate amount of litter; in the green 

foifeit there i.-» •<arcelv any. 

Hum ijjf. — None. 

CiajmjkalUm of lands in T. 11 X., IL If E. 

AerHL 
F'ifHrt^l 5,800 

Nonf/irwt^l 17,340 

Ba/lly Immi^J 4,500 

IjcjHqp^\ None. 

Agricnltaral None. 

Grazinn: 11,740 

Bftreiviclui 1,000 

Total gland of timber in T. 11 X, R. if E. 



Liirilier pine 

I>i^ljfefK>le pine . . . 

Ke*l fir 

BaMpine fir 

En^elmann Hprac^ 

Total 



HpecteM. 



Mill timber. 



^le and f nel Total Tolome of 
timber. all timber. 



Ftet B.M. 



1,000,000 
3,200,000 



4,000,000 



8,200,000 



CuWc/ed. 


(hOricJtet. 


800,000 


800,000 


580,000 


760,000 


2,000,000 


2,576,000 


250,000 


250,000 


4,800,000 


5,520,000 



8,430,000 



9,906,000 



OnnjumtUm of f/rMt in T. UN., R. 12 /?., indttding trees of all species with basal diamders of S inches 

and upward. 

Per cent. 
LimlKtr pine 10 

I>Klf<eiK)le pine 7 

IUh\ i\r 35 

Hiilmlpine fir 8 

Kn^elnjann Hpruce 40 



Township 11 North, Range 13 East. 

T(yiH)gT<i/j)hy. — This township occupies most of the Twin Peak block. In the 
cc^ntral arftas it comprises a plateau-like region — the summit of the block. The 
Mouthern portions are cut by many canyons indenting the edge of the plateau 
and by broken spurs stretching south into the Musselshell drainage. The northern 
Hcctions are situated on the very steep bold front with which the plateau breaks 
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off to South Fork of Judith basin. The average altitude of the township is 
6,600 feet, the summit of the plateau in some places rising to elevations of 
7,400 feet. 

Mining, — None. 

Soil. — Thin, gravelly loam. 

Agricultural adaptability, — No arable land. 

Orazing capacity, — Most of the township is essentialh' grazing land, all of 
the southern slopes and most of the high central ones being covered with grass. 
Portions of the township, especially the southern sections, have long been used 
as a range for cattle and sheep. 

Drainage conditions, — The imnyons are dry through most of the year. There 
is a small outflow after the spring break-up, lasting a month or two. 

Towns and settlements. — None. 

Forest conditions. — The forest consists of thin lines and scattered copses of 
timber on some of the higher slopes and over the summit of the plateau. It is 
composed of red fir at the lower altitudes and spruce and subalpine fir at the 
higher. The timber is of value mostly as fuel; it is generally inaccessible. 

Cutting, — None. 

Bums. — The summit of the plateau area in the central sections of the town- 
ship has been badly burned within the last eight or ten years. The fires have 
spread to the northern breaks, and have consumed most of the thin forest. 

Reproductixm, — Restockage is deficient throughout. The tendency of the 
burned-over tracts is to become grassed instead of reforested. The wide grassy 
non-timbered areas on the plateau summit represent ancient fire glades, and 
exhibit no evidence of again coming under forest cover. 

Undergrowth. — Very little. 

Litter. — A small amount in the burned-over areas. 

Humus, — None. 

Classification of lands in T, 11 N.y R. 13 E. 

Acres. 
Forested 7,000 

Nonforested 16,040 

Badly buraed 4,000 

Logged Nona 

Agricultural None 

Grazing 11,040 

Bare rocks 1,000 



40 



LITTLE BELT MOUNTAINS FOREST RESERVE, MONTANA. 
Total f^tnnrl of t\ml>er in T. 11 X, A*. IS E. 



SlK.'<*it'«5. 



Mill timber. 



Feet B. M. 



Liin])erpine 

Lcnljj^epole pine 

RcKlfir 

Subalpine fir 

P^njreliimnn ppnice. 

Ti.tal 



1,000,000 



5,000,000 
6,000,000 



Pole and fuel 
timber. 



Cubic/eel. 
500,000 
100,000 
800,000 
100,000 

4,000,000 



5,500,000 



Total voliime of 
all timber. 



Cubicfcct. 
500,000 
100,000 
980,000 
100,000 
4,900,000 



6,580,000 



Comiyositifm of fftreH in T. 11 .V., R. IS E., including tree» of all sj)€ci€s with haml diameter* of S inches 

and npimrd. 

Per cent. 

Limber pine 4 

Lodgepole pine 1 

Red lir 8 

Subalpine fir 11 

Engelmaiin spruce 76 

Township 12 North, Range 9 East. 

Topi}(jraphy. — The western parts of the district are situated on the summit 
of the main divide of the Little Belt Mountains, which hero is a broad, flat or 
gently rolling tract, elevated 7,800 feet to 8,000 feet above sea level. The central 
and eastern areas comprise broad, swelling ridges projecting eastward into the 
drainage Imsin of Lost Fork of Judith River and of steep, narrow spurs trending 
northward into the basin of Middle Fork of Judith River. The canyons of 
the Middle Fork separating the different spurs are generally narrow and rocky, 
while those forming the head of Ijost Fork, although narrow, have a remarkably 
long and gradual rise to their heads in the main range in the western part of the 
township. 

Mining. — None. 

SoiL — More or less comminuted limestone debris with thin admixtures of 
loam. 

Agricultural adaptdf)ility. — The township contains no land suitable for agri- 
cultural pursuits, as the altitude is too great. 

Grazing capacity. — The township is dotted with grass-covered glades on the 
summit of the main divide and on the slopes of the canyons. These glades, 
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without exception, mark ancient burns which have become grass covered instead 
of restocking with forest. Cattle are pastured in them. 

Drainage conditions. — The outflow from the township is small and is carried 
chiefly by Lost Fork, which here is not much larger than a rivulet. 

Townn and settlements. — None. 

Forest conditions. — The forest is mostly a pole growth, with an intermixing 
of older trees. At the higher elevations it occurs in scattered copses and thin 
lines, mostly composed of spruce, limber pine, and subalpine fir. At the lower 
elevations the northern slopes carr}^ moderately close-set and continuous stands, 
with red fir as the chief species, while on the southern slopes and bottoms of 
canyons the stands are sparsely stocked and contain varying percentages of 
lodgepole pine. The timber has chiefly a fuel value. It is accessible by way of 
Lost Fork Valle3\ 

Cutting. — None. 

Burns. — Badly burned areas occur in the northwest corner of the township 
in the Middle Fork drainage. The fires probably occurred about five or six 
years ago. 

Repi'oduction. — The young growth is scanty at the highest elevations, and 
there are few extensions of the forest into the ancient burns. At the middle 
and lower elevations the stands are now so fully stocked that further additions 
are impossible. 

Undergrowth. — There as a moderate amount of undergrowth, consisting 
largely of juniper shrubs. 

Litter. — Dead and fallen timber, due to overcrowding, is present in moderate 
quantities in the close-stocked stands at the lower and middle elevations. In 
the subalpine forest there is very little litter. 

Humus. — The northern slopes have a slight ground cover of moss and pine 
needles. Elsewhere the humus layer is lacking. 

Chimficnlion of lands in T. 1-2 «S., 7?. 9 E, 

Acres. 
Forested : 16,040 

Konforested 7, 000 

Badly burner! 600 

Logged None. 

Agricultural None. 

Grazing 6, 000 

Bare rocks 400 
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Total stand of timber in T. U N., R. 9 E. 



Limber pine 

Lodgepole pine. ... 

Red fir 

Subalpine fir 

Engelmann spruce . 

Total 



Species. 



MUl Umber. 



Pole and fuel 
timber. 



Total volume of 
all timber. 



Feet B. M. Cubic feet. 

600,000 
6,000,000 
9,000,000 

I 350,000 

1,000,000 I 1,500,000 



1,300,000 
4,000,000 



6,300,000 17,450,000 



Cubic/ect. 

600,000 
6, 234, 000 
9, 720, 000 

350,000 
1,680,000 



18,584,000 



ComposUUm of forest in T. 12 zV., R. 9 E,, including trees of all species mth basal diameters of S inches 

and upioard. 

Per cent. 

Limber pine 9 

Lodgepole pine 30 

Red fir 50 

Subalpine fir 1 

Engelmann spruce 10 

Aspen and cottonwood Scattered' trees. 

Township 12 North, Range 10 East. 

Topography. — The township is in the middle and lower portions of Lost 
Fork of Judith River drainage basin. At the junction of Lost Fork and Middle 
Fork of Judith River, near the northeast corner of the township, the canyon of 
Lost Fork is contracted to a narrow gorge between castellated cliffs of limestone. 
It soon widens, and in its course across the central portion of the township, 
from west to east, develops a canyon or valley three-fourths mile to \\ miles wide. 
The slopes in the township are mostly steep, and the upper breaks are generally 
lined with series of limestone cliffs. 

Mining. — None. 

So^hl. — Limestone debris, with thin admixtures of loamy matter. 

Agricultural adaptahUity. — Small meadows and glades in the bottoms of Lost 
Fork Canyon are tillable. No lands are actually under cultivation. 

Grazing capacity. — The pasture areas of the township consist of grassy 
glades and hillsides in Lost Fork Canyon. They are closely pastured by cattle. 

Towns and settlements. — The township contains no towns. In Lost Fork Can- 
yon two ranchers have established themselves. They cultivate no land, apparently 
holding the tracts for the purpose of controlling the grazing areas of the canyon. 
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Fo7*est conditions, — The forest consists mostly of red fir of small dimensions, 
close set on the eastern slopes and thinly stocked on the western. The trees are 
short and limby from base to summit. Spruce, limber pine, and lodgepole pine 
are mingled with red fir, particularly in the canyon bottoms and on the sum-, 
mits of the ridges. Near the junction of Lost and Middle forks small propor- 
tions of low, scrubby, yellow pine are mixed with the red fir. 

Gutting. — Small quantities have been cut in Lost Fork Canyon for farm use. 

Bums. — Badly burned areas occur throughout the township. The destruction 
of the forest on these tracts has been complete. A systematic attempt was made 
in the summer of 1902 to destroy all the forest in the Lost Fork drainage and 
incidentally as much more on adjacent areas as would burn. Lost Fork Valley 
was fired in thousands of places, but owing to sudden showers the fires did 
not spread. 

Repi'oduction, — Young growth is scanty on the southern slopes throughout 
the district and also at subalpine heights. There is none on the burned areas. 
On the northern slopes there is a moderate amount of restockage. In many of 
the red-fir stands the trees occupy the ground so fully that no further young 
growth is possible. Red fir is the leading species in the restockage, followed by 
lodgepole pine. Young growth of yellow pine is verj' sparse. 

Undergrowth, — Juniper scrub and sagebrush form most of the undergrowth. 
It is small in quantity in the better and more closely stocked stands. On the 
grassy western slopes bordering Lost Fork Canyon the sagebrush is often very 
rank and dense. 

Litter. — Light except in the bums, where considerable quantities of dead 
and fallen timber litter the ground. 

Humus. — None. 

Clamficatum of lands in T. le N., R. 10 E. 

Acres. 
Forested 13,240 

Nonforested 9, 800 

Badly burned 4, 500 

Logged None. 

Agricultural 800 

Grazing 3, 600 

Bare rocks 900 
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Total stand of timber in T. 13 S,, B. 10 E, 



Mill timber. 



Fret B. M. 



Pole and fuel Total roltime of 
timber. all timber. 



Limber pine 

IxKlg:epole pine 

Yellow pine 

Re<l fir 

Snbalpine fir 

Engelmann spnice. 

Total 



1,500,000 

300,000 

7,000,000 



1,500,000 



CuMc/ert. , 

500,000 , 

6,000,000 , 

100,000 I 

11,000,000 j 
150,000 i 
800,000 ' 



10,300,000 i 18,550,000 



Cuiric/eet. 

500,<X)0 

6,270,000 

154, 000 

12, 260, 000 

1o0,00j» 

1,070,000 

20,404.000 



Composition of forcM in T. 12 -V., R. 10 E., including trees of all species with basal diameters of S inches 

and upv-ard. 

Per cent. 
Limber pine 5 

Lodgepole pine 20 

Yellow pine 1 

Red fir 68 

Subalpine fir 1.9 

Engelmann spruce 5 

Township 12 North, Range 11 East. 

Topography. — This township comprises a mass of low broken spurs inclosing 
the lower portion of the canyon of South Fork of Judith River on the north 
and south. The average altitude is 6,000 feet. 

3[hi ing, — None. 

Soil. — Very thin gravelly loam on the slopes and summits of the ridges^ 
deeper loam in the valleys. 

Agiicultvral adaptability, — Small tracts in the canyon of South Fork of 
Judith River are arable. Outside of this valley the township has no arable land. 

Grazing capacity. — Grassy glades and nonforested or thinlj^ forested slopes 
afford a limited amount of cattle range. 

Toirns and settlements. — There are one or two ranch locations on the agri- 
cultural lands in South Fork Valley. 

Forest conditions. — The forest in the northern half consists of red fir and 
small proportions of yellow pine. It occursin scattere<i stands^ separated by exten- 
sive burns, and is low and scrubby throughout. The forest in the southern tracts 
is set in close stands, none occupying a large acreage, and is composed of red fir, 
lodgepole pine, and spruce, mostly as pole growths. The timber is accessible 
from the valley of South Fork of Judith River. 
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Gutting, — The forest along the immediate valley of the South Fork has been 
culled 10 to 25 per cent. 

Burns, — The entire township has been ravaged by fire within the laat eight 
or ten years, and the present stands of forest are mere patches between burned 
areas. 

Eiqmnluction, — The restockage is scanty on the burned -over tracts. Red fir 
is the chief species in the reforestation. 

Undergrmcth, — Ver}^ light. 

Litter, — There is a large accumulation of dead and fallen timber in the 
burned areas. In the green forest there is a moderate amount of litter. 

Humus. — Lacking or very thin. 

Clasgification of lands in T. 12 X, R. 11 E. 

Acres. 

Forested 6,040 

Nonf crested 17,000 

Badly burned 13,000 

Logged (culled) 2, 000 

Agricultural 800 

Grazing 3,200 



Total stand of timber in T. 12 N., R, 11 K 



Limber pine 

Lodgepole pine 

Yellow pine 

Red fir 

Engelmann spruce. 

Total 



Species. 



! Mill timber. 



Fed B. M. 



200,000 
5,000,000 
1,700,000 



Pole and fuel 
timber. 



6,900,000 



Chibicjeet. 

100,000 
1,800,000 

8,500,000 
1,000,000 



Total volume of 
all timber. 



Cvbicjeet. 

100,000 

1,800,000 

36,000 

9,400,000 

1,306,000 



11,400,000 I 12,642,000 



Composition of forest in T. li N,y R. 11 E., including trees of all species with basal diameters of 3 inches 

and upward. 

Per cent. 
Limber pine 1 

Lodgepole pine 10 

Yellow pine ^ 8 

Red fir ^ 80 

Engelmann spruce 8 

Aspen and cottonwood 2 
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Township 13 North, Range 8 East. 

Topography. — The western and central portions of this township comprise 
level and rolling plateau-like tracts — terraces lying in the angle formed by the 
junction of the main range of the Little Belt Mountains and the Yogo-Porphyrj" 
Peak ridge. The terraces border the headwaters of Belt Creek. The eastern 
portions comprise high ridges belonging to the Yogo ridge system, which in the 
southern tier of sections swing to the west and culminate in Porphyry Peak at an 
altitude of 8,000 feet. The mean elevation of the township is about 7,000 feet. 
The southwest quarter is not included in the forest reserve and the estimates 
apply only to the 17,280 acres within its boundaries. 

Mining, — None. 

Soil. — Gravelly loam on the slopes and summits of the higher ridges. Man^' 
of the creeks head in swampy areas with deep peaty or boggy soil, while the flat 
areas of the terraces are usually well covered with loam of moderate depth. 

Agricultural adaptability, — Owing to the altitude the weather is too cold and 
frosty for agricultural pursuits. 

Grazing capacity, — Small marshy glades at the head of the larger creeks 
and two nonforested so-called parks, with an aggregate area of 2,200 acres, aflford 
pasture range. The tracts are but little used. 

Drainage conditions, — The run-oflf from the district is large, and is discharged 
by way of Belt Creek northward. No tarns or lakelets exist, but springs, i)ogs, 
and creeks ate numerous. In this township is one of the principal heads of Bolt 
Creek. 

Towns and settlements, — None. 

Forest conditions, — The forest consists of 99 per cent lodgepole pine. Along 
the creek occur small proportions of spruce and on the higher ridges subalpine 
fir and limber pine. The stands are from 8p to 150 years of age, and represent 
restockage after sweeping fires. There is little mill timber, the larger proportion 
of the forest being merely a pole growth. The timber is eas\' of access by way 
of Belt Creek and its tributaries. 

Cutting, — At various times there have been three sawmills in the district, and , 
the timber has been logged off an area approximating 5,000 acres. Most of the 
lumber has been used in the town and mines of Neihart, a few miles distant; 
some has been shipped outside to Great Falls and to other localities. 

Bums, — Small tracts, altogether 200 or 250 acres, have been burned over in 
fires of recent years. 

Reproduction, — The amount of young growth present is small. The stands 
are set too close for much seedling restockage to find lodgment. The lodgepole 
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pine stands are chiefly old growth and are slowly giving way to Engelmann 
spruce; most of the young growth is of the latter species. 

Undergrowth. — Light. 

Litter, — On the cutting areas the amount of litter left by loggers is large. 
There also is much dead and fallen timber in the green stands due to over- 
crowding. 

Humxm. — Scanty. 

Classification of lands in T. IS N., R. S E. 

Acres. 

Forested 14,480 

Nonforested 2,800 

Badly burned 200 

Logged, including culled tracts 5, 000 

Agricultural None. 

Grazing 2,200 

Bare rocks 400 

Total stand of timlter in T. IS X., R. 8 E. 



Species. 



Mill timl>er. 



I'ole and fuel Total volume of 
timber. all timber. 



Feet B. M. 
Limber pine . 

Lodgepole pine \ 12,000,000 ' 

Red fir | 100,000 

Subalpine fir 

Engelmann spruce . . 

Total 



3, 000, 000 
15,100,000 



CHibic/cet. 
350,000 I 

35,000,000 I 
250,000 
450,000 
4,000,000 



40, 050, 000 



Cubic feet. 

;i50,000 

37,160,000 

268,000 

450,000 

4,540,000 

42, 768, 000 



Comp<mtion of fored in T. IS N,, R. 8 E.y including treea of all species ivith Ixisal diameters of S inches 

and upward. 

Per cent. 

Limber pine 0. 5 

Lodgep<^)le pine 95 

Red fir 1 

Subalpine fir 1.4 

Engelmann spruce 3 

Township 18 North, Ran(}e 9 East. 

Topo(jrnphy, — The main topographic features are long spurs trending eastward 
from one of the main divides in the Little Belt Mountain system — the Yogo- 
Porphyry Peak ridge — which also forms the western edge of the township. The 
canyons are deep and narrow, heading with short, steep slopes in the main ridge. 
The mean altitude of the ridges is nearh^ 8,000 feet. 
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Mining. — Many mining claims are scattered through the district With the 
exception of a group of copper mines near the head of King Creek they are 
mere prospects. The mines mentioned, although not now in operation, have in 
former j'ears shipped more or less ore. 

Soil. — ^Thin, gravelly loam. 

Affricultvral adaptability. — Owing to its general mountainous character the 
township contains no land suitable for agricultural pursuits. 

Grazing capacity. — All of the higher ridges have grassy summits and are 
available for cattle ranges. No domestic animals are pastured in the district. 

Ihainage conditions. — ^The township forms the principal water head of Mid- 
dle Fork of Judith River, and the outflow is large. The tract contains no lakes 
or UmH, but ih well supplied with springs and creeks. 

7 mnfiM and settlements. — Only miners' cabins. 

FtrreMt aonditions. — The western half of the township bears forest composed 
III |mrt of pure, very close-set stands of mature lodgepole pine averaging 4,000 
rubi» fiM^t of wood to the acre. In places, chiefly in the creek bottoms, spruce 
foriUM over 50 per cent of the total stand, and lodgepole pine is an incon- 
Mldc^mble factor. The stands in which spruce constitutes over 50 per cent represent 
tovmi that has not been invaded by fire in the last three hundred years. The 
liigliar i^levations carry thin and irregular stands of lodgepole pine^ limber pine, 
himI liulmlpine flr. The eastern half of the township is forested with composite 
MtHiHU of i*6d flr and lodgepole pine at the lower elevations on the northern 
mIo|H)m, with red fir, yellow and limber pine on the southern slopes, and with 
loUgtsiK)le pints in nearly pure-growth stands, on the summits and upper slopes. 

ri////nf/. "Small quantities of timber have been cut by the miners in the 
(liiitrict for l(K'4il use. 

/tums. — The northeast comer contains several large burned areas, while 
Miimllt^r traotM, wholly or partly burned over, are scattered throughout the 
towiiaihip, 

JittptiHiuction. — ^The clo^-set stands are fully stocked, and have hardly any 
young giH)wth. In open stands on the southern slopes seedling and young sap- 
ling growths are moderately abundant, and will in time assure a better stockage 
than the pi*esent. The grassy summits of the main divides and higher slopes are 
aiu'iunt fire glades and are capable of bearing forest; into these tracts subalpine 
ti{H)oieii are gradually pushing their way. 

rndtfi\rn>irth. — Lights chiefly consisting of juniper scrub. 

Litter. — All the close-set stands are choked with immense quantities of fallen 
timber killed by overcrowding and natural thinning. 
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Humus. — The northern slopes, as a inile, have a moss cover on the forest 
floor, 3 to G inches in depth. The southern declivities are mosth' bare. 



Acres. 



Classification of lands in T. IS N., R. 9 E. 

Forested 13,340 

Nonforegted '. 9,700 

Badly burned 1,800 

Logged None. 

Agricultural None. 

Grazing 7,000 

Bare rocks 900 

Total stand of timber in T. 13 N., R. 9 E. 



t>IHH';OS 



limber pine 

Lodgepole pine 

Red fir 

Subalpine fir 

Engelmann spruce. 



Mill timber. 



Feet B. M. 



Pole and fuel Total volume of 
timber. all timber. 



8,000,000 
5, 000, 000 



10,000,000 



Total 23,000,000 



Ctibic Jcft. 

880,000 

32, 000, 000 

4,000,000 

400,000 
6,000,000 



Cuhvc feet. 

880,000 

33,440,000 

4,900,000 

400,000 

7,800,000 



"I" 



43, 280, 000 I 47, 420, 000 



Composition of forest in T. 13 N.j R. 9 E.j including trees of all species with basal diameters of 3 inches 

and upward. 

Per cent. 

Limber pine 5 

Lodgepole pine 65 

Red fir > 6 

Subalpine fir 1 

Engelmann spruce 23 

Cottonwood and aspen Scattered tree.*^. 

Township 13 North, Range 10 East. 

Topography. — The central areas comprise steep slopes and the summit of a 
plateau-like area, known as Prospect Ridge. The northern sections are cut by 
the narrow canyon in which flows Yogo Creek, while the southem portions of the 
township are situated in the valley of Middle Fork of Judith River. The slopes 
leading to the bottoms of the different canyons are steep. The upper breaks 
usually present lines of towering cliffs eroded into castellated forms, while the 
declivities below the cliffs are strewn with talus accumulations thinly covered 
with soil or entirely bare. The summit of the plateau area in the central 
9576— No. 30—04 4 
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portions attains altitudes of 7,000 feet; the mean elevation of the canjon bottoms 
is 5,s<M) feet. 

Mhthi(f, —In former ^'earn placer mining was carried on in Yo^o Canyon; 
the dit^gin^s are now aJ)andoned. 

Soil, — Comminuted limestone debris with thin admixtures of loamy matter. 

Afjrt cult lira! adaptohUlttj. — Portions of the ]x)ttoms of the Middle Fork of 
Judith Riv(»r are cultivable and are under tillage for the production of hay. 
Tht» total area is l,0oo acres. 

(rrnzhkij ouparlfy, — Small glades and open, nonforested, or thinly forested 
hillsides constitute the grazing areas. They are utilized for stock ranges. 

Drainage {'0))d!t!mn<. —Most of the lateral canyons of the Yogo and Middle 
Fork of Judith systems, v-hich head within the township, are dry during the 
sunnner, or carry only insignificant (juantities of water. The outflow from 
the township is large, but it originates elsewhere; the extensive Assuring of 
the limestone sti*at4i causes most of the water which falls within it to l>e 
a])sorbed before it has a chance to enter any of the main channels of flow. 

TmnuH and ^MJemenU, — Settlers occupy the agricultural lands in the Middle 
Fork of Judith Valley. The trac^t contains no towns. 

Fitrt^xt cimditlonH, — Toe forest consists of mixed stands of red fir, lodgepole 
pine, spruce, and, on the southern slopes, small proportions of 3'ellow pine. The 
stands vary in age from 20 to 150 years. Except in the bottoms of the 
larger canyons the timber is of slender pole dimensions. On the northern decliv- 
ities the stands are well stocked and close set, while on the southern slopes they 
occur in irregular blocks separated by grassy tracts. Along the summits of the 
ridges and on the upper slope^j the growth is very low and limb}-, due to excess- 
ive sterility of soil. The more valuable tracts of the forest are readily accessible 
by way of Yogo and Middle Fork of Judith canyons 

(hitting, — The eastern areas of the Middle Fork of Judith Valley have been 
logged for mill timber, the cut amounting to 75 per cent. Small tracts along 
Yogo Creek have been more or less culled of the mill and pole timber, the cut 
vaiying from 5 to 40 per cent. 

Burns. — The eastern areas of the township have been badly burned during 
the past thirty -five 3'ears. Large areas on the plateau tract were destroyed by 
fire thirty-five years ago; they have been restocked and again burned over within 
the last seven or eight years. 

Reproduction. — Young growth is lacking on the burned-over tracts owing 
to the denuding eflfects of the forest fires. In the close-set stands there is a 
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moderate amount of seedling and young sapling growths. Red fir is the leading 
specielfe in the restockage. 

Undergroioth, — Light. 

Litter, — In all of the close-set stands there is a large amount of litter, due 
to excessive crowding. On the burned tracts most of the tire-killed timber is 
still standing. 

ILnnU'tt. — On the northern slopes there is a moss cover 3 to 5 inches in depth. 
On slopes with southern exposure this is lacking. 



Acres. 



ClasslJicfUion of iand^ in T. IS X., R 10 E. 

Forested 1 6, 040 

Nonforested 7, 000 

Badly burned 4, 000 

Logged 2 , 200 

Agricultural 1, 100 

Grazing v 1 , 500 

Bare rocks 400 

Total stand of timber in T. IS X., R. 10 E. 



Specie 



Limber pine 

Lodgepole pine 

Yellow pine 

Red fir 

Engelmann spruce . 

Total 



Mill limber. 



Feci B. M. 



2,400,000 

900,000 

9, 500, 000 

6,000,000 



18,800,000 



Pole and fuel 
timber. 



Oubic/eet. 
1,000,000 
12, 000, 000 



13, 000, 000 
4,000,000 



30,000,000 



Total volume of 
all timber. 



Cubicfect. 

1,000,000 

12,432,000 

162,000 

13,710,000 

5,080,000 



32,384,000 



Composition of forest in T. IS N., R. 10 E., including trees of all species with basal diameters of S inches 

and upward. 

Per cent. 
Limber pine 7 

Lodgepole pine 16 

Yellow pine 1 

Red fir 52 

Engelmann spruce 25 

Township 13 North, Range 11 East. 

Topography. — ^The eastern and the central portions consist of rolling foothill 
lands — long broad swells separated by shallow ravines and gullies. In the western 
portion, radiating eastward from the mountain areas around Yogo Baldy, are 
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spurs which to the north rise to altitudes of 7,000 feet, while to the south they 
become mere low combs and sink into the rolling foothills of the central sections. 

Mining. — Active mining operations are carried on at Sapphire in the eastern 
areas of the district. 

Minerals. — Sapphires. 

Soil. — Thin, gravelly loam. 

Agricultural adaptoibility. — Small areas along the canyon bottoms in the 
central portions of the township are tillable and are used as hay ranches. 

Grazing capacity. — The central and eastern divisions of the township are 
moderately well grassed and have long been used as a range for cattle and sheep. 

Drainage conditions. — Scarcely any run-off originates within this township, as 
the streams flowing through it rise outside its boundaries. The ravines, gullies, 
and creeks are dry through most of the year. The lower portion of Yogo Creek 
and South Fork of Judith River flow across the township in the northern and 
central areas. 'These streams are of importance on account of the volume they 
add to the main Judith River. 

Tovms and settlements. — In the eastern portion, around the sapphire diggings, 
are a half-dozen buildings for the accommodation of the employees. Sheep shacks 
are found in the central and eastern areas, while two or three ranch locations 
occupy the small amount of tillable land in Yogo Canyon. 

Forest conditions. — The forest is limited to the western sections. It consists 
of small-growth red fir and scrubby limber pine fit only for fuel and pole wood. 

Woodlands. — The central and eastern areas csLtry scattered trees and lines 
and copses of limber pine. The timber has only a fuel value. 

Gutting. — ^The lower slopes of the ridges in the forested areas have been 
culled and cut ove/ and 60 to 95 per cent of the timber taken. The cutting has 
been for fuel, mine props, and mill timber. 

Bums. — ^The southeast quarter of the township has been burned over within 
the last six or seven years and the timber totally destroyed. 

Reproduction. — Abundant on northern slopes, deficient elsewhere. The burned- 
over tracts are not yet restocking. The woodlands are capable of carr3nng more 
extensive and better stocked stands, and young growth is slowly extending the 
timbered areas into the grassed tracts. 

Undergrowth. — Underbrush is not abundant It is chiefly composed of juniper 
shrubs. 

Litter. — Light. 

Humus. — None. 
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Forested 



Acres. 
5,100 



Wooded w 13,100 

Nontimbered 4,840 

Badly burned 3,840 

Logged 1,200 

Agricultural 300 

Grazing (woodland) 11, 000 

Bare rocks 700 

Toted stand of tlmlter in T. IS N., R. 11 E. 



Species. 


Mill timber. 


Pole and fuel 
timber. 


Total volume of 
all timber. 


Limber pirif* ^ r 


Feet B. M. 
250,000 
750,000 


( ubic /fit. 
3,000,000 
2, 500, 000 


Cubic Jeet. 
3,045,000 
2,635,000 


Red fir 




Total 


1,000,000 


5,500,000 


6,680,000 





Composition of forest in T. IS iV., R, 11 E., including trees of all species with basal diametera of S inchts 

and upward. 

Per cent. 

Limber pine 45 

Yellow pine 1 

Red fir 54 

Composition of woodland (/roivth in T, IS ^., JR. 11 E,, including trees of all species from seedlings up. 

Per cent. 
Limber pine 90 

Red fir 10 

Township 14 North, Range 8 East. 

Topograph!/. — The topographic features of the township comprise a mass of 
steep, rocky ridges rising to elevations of nearly 9,(XX) feet and centering in 
the peak known as Neihart Baldy, just east of the township line. The low 
relief is formed by many narrow, rocky canyons and by the valley of Belt 
Creek, which cuts through the district from south to north along its west line. 

Mining. — The township was formerly an important mining center, but the 
low price of silver and po.ssibly the exhaustion of the richer deposits have very 
much reduced the output, and comparatively little mining is now carried on. 

Soil. — ^Thin loam resting on hard, coarse debris material. Extensive talus 
slopes, lacking every vestige of loam cover, occur in many places on the steeper 
slopes. 
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Agrictdtural adaptability. — The tract contains no arable land except a few 
^mall patches in the canyon of Belt Creek. 

Grazing capacity. — A few small glades along Belt Creek and tracts of non- 
tim^jere^l hillsides in different localities constitute the pasture lands of the 
town.ship. The aggregate acreage is small. 

DraiiuKje conditioiis. — The outflow originating in the district is small. There 
are numerous creeks, but aside from Belt Creek, which receives them all, none 
carries a large volume. 

TowTUi and settlements. — ^There is only one town, Neihart, situated in the 
ianyon of Itelt Creek. Formerly a place of considerable importance, owing to 
it4 mines, it is now nearly deserted since the larger properties have suspended 
iiljemtionH. Numerous miners' cabins are scattered throughout the hills on the 
diflfftrcnt prospects or mines, and more or less extensive developments are in 
progress in several places. The township contains 4 miles of the Neihart-Great 
Fallx Railroad line. 

Ff/reat amditioii. — The forest consists almost wholly of lodgepole pine, of 
wbk;b 8() per cent represents reforestations after fires which occurred thirty 
or thirty-five years ago. Near the summit of the ridges are scattered trees 
of limFier pine and red fir, and along the creeks small proportions of spruce. 

Cuttimj. — All of the more accessible areas, with the exception of the head of 
iMT\Hti\U''X Creek, have been logged and 80 per cent of the merchantable timber 
taken. The township now contains no mill timbier and only inferior dimensions 
of [xJe growths. The timber has in part supplied Neihart, and in part has been 
>»hip|:)ed t<> (Jreat Falls as smelter poles or to other localities as fuel, mine 
projw, and the like. 

liuriiH. — The northwest quarter of the township has been badly burned in 
s[>(>ts here and there within the last five or six years. 

Ilejfr<f(lu<;ti(m. — The sapling stands, 80 to 35 years old, are so fully stocked 
that further additions are impossible. The logged areas are abundantlj^ restock- 
ing, but the burns show very little young growth as yet. The restockage in almost 
every instance is composed of lodgepole pine, though the forest, which the early 
pr<>six»ct()rs burned, was largely composed of red fir. Lodgepole has taken its 
pla(!C and will hold it for the next one hundred and twenty years at least. 

Undergrmoth . — Light. 

Litter. — There is a vast amount of litter throughout the stands. In part it 
consists of tops of trees and other kinds of woody debris left by the loggers. 
In part it is the unconsumed remains of tire-killed trees of a former forest. 

Jluinvs. — None. 



DE8CEIPTION8 OF TOWNSHIPS. 

ClassificatUm of lands in T, 14 N,, i?. S E, 

Acres. 

Forested 15,360 

Nonforested 7, 680 

Badly burned 2, 000 

Logged 11,000 

Agricultural 150 

Grazing 1,200 

Bare rocks 4 , 330 

Total stand of timber in T, U N., R. S K 
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Species. 



Pole and fuel 
limber. 



Total volume of 
all timber. 



Limber pine 

Lodgepole pine 

Red fir 

Subalpine fir 

Engelmann spruce . 

Total 



("ub c/cet. 


Cubic feet. 


50,000 


50,000 


2,000,000 


2,000,000 


50,000 


50,000 


20,000 


20,000 


' 80,000 


80,000 


2, 200, 000 

1 


2,200,000 



Composition of forest in T, 14 N.y R, 8 E,y including trees of all species with basal diameter a of S inches 

and upward. 

Per cent. 

Lodgepole pine 99 

All other species 1 

Township 14 North, Range 9 East. 

Topography, — In the central and western portions is a mass of high, rocky 
bpurs and divides belonging to the Neihart Baldy-Yogo Peak system, reaching 
elevations of 8,500 to 9,000 feet. The eastern sections comprise a ])road basin, 
forming the head of Dry Wolf Creek, and steep, rocky ridges hemming in the 
basin on the north and south. 

Milling, — Numerous prospect shafts and tunnels occur throughout the town- 
ship. No active mining operations are carried on. 

Miiierah. — Sil ve r. 

Soil, — Gravelly loam. Most of the township is covered with coarse limestone 
debris or with detritus derived from the hard eruptive rocks. Thin loam over- 
lies or is mixed with the debris near the surface. 

Agricultural adaptability, — A small tract known as Big Park in the central 
areas of Dry Wolf Creek, near the eastern side of the township, contains a few 
hundred acres of arable land. None of the land elsewhere is tillable. 
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Grazing capacity. — The pasture lands consist of small glades and openings in 
the forest and of the bald summits of the main divides in the central areas. 
Stock is pastured in Dry Wolf Valley, but not on the high, open ridges. 

Drainage conditions. — Despite the altitude of the region the outflow is small. 
Small springs and rivulets abound near the summits of the higher ridges, but 
much of the discharge sinks before reaching the main channels. Small quantities 
of snow remain on the northern slopes near Neihart Baldy during most, if not 
all, of the sununer season. 

Towns and settlements. — ^Two settlers are living on the agricultural lands in 
the Dry Wolf Creek bottoms, while miners' cabins are scattered through the 
mineral-bearing central and western tracts of the township. 

Forest conditions. — ^The western portion is stocked with lodgepole pine, in 
stands of nearly pure growth, 25 to 35 years old. They are reforestations, 
after fires which occurred about forty years ago. The summit of the main divide 
in the central areas carries scattered, thin stands of the subalpine type of forest. 
The timber is low and scrubby, suitable only for fuel, and practically inaccess- 
ible. The eastern areas are stocked with stands of lodgepole pine, spruce, and 
red fir. One-half of thb growth is 30 to 35 years old; the remainder is from 100 
to 150 years old. Most of this forest grows in blocks, surrounded by extensive 
burned are&s. 

Cutting. — The forest has been closely culled in all of the more accessible 
places in the western and eastern areas. The cut has been largely for the pur- 
pose of obtaining smelter poles. 

Bums. — A strip, 2 miles wide, along the northern line of the township and 
a portion of its southeast quarter have been burned over in recent years and the 
timber totally destroyed. 

Reproduction. — On the burned areas restockage is as yet almost wholly want- 
ing. The close-set lodgepole-pine stands in the western areas are so fully stocked 
that further additions to the growth are impossible. Elsewhere there is a mod- 
erate*, amount of young growth, lodgepole pine prevailing on some tracts, red fir 
on othei*s. 

Undergrowth. — In most places light. 

Z47/f6V.— There is a large amount of fallen timber in the burned areas and 
in most of the close-set sapling stands. At high elevations in the green forest 
litter is light. 

Hum us. -Northern slopes bear in some places a light moss cover; southern 
slopes have none. 
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Clamficaiian of landa in T. U iV., H- 9 E. 

Acres. 

Forested 8,960 

Nonforested 14,080 

Badly burned 7,680 

Logged (culled) 3,000 

Agricultural 300 

Grazing 3, 200 

Bare rocks 2, 900 

Total Mand of timber in T. U N., R. 9 E. 



Species. 



Limber pine 

Lodgepole pine 

White-bark pine... 
Red fir 

Engelmann spruce. 



Total. 



Mill timber. 



Feci B. M. 



6,000,000 



4,800,000 
1,800,000 



12,600,000 



Pole and fuel 
timber. 



Cubic feet. 

100,000 

12,480,000 

400,000 

1,200,000 

1,000,000 



Total volume of 
all timber. 



Cubic/cet. 

100,000 

13,560,000 

400,000 

2,064,000 

1,324,000 



15, 180, 000 



17,448,000 



Compogition of forest in T. 14 N.y R. 9 E.y including trees of all species with basal diameters of 3 inches 

and ujnvard. 

Per cent. 

Limber pine 0. 5 

Lodgepole pine 80 

White-bark pine. . .' 1 

Red fir 15 

Subalpine fir 5 

Engelmann spruce 2. 5 

Aspen and cotton wood 5 

Township 14 North, Range 10 East. 

Topography. — The main topographic feature is a mass of steep ridges with 
narrow and often precipitous crests, separated by canyons which have no great 
width. 

Mining, — No active mining is carried on at present. Many mineral claims 
are located in the northern half of the township. 

Minerals, — Silver lead ores and specular iron ores. 

Soil. — Gravelly loam, with small proportions of loam. 

Agricultural adaptability, — There is no arable land. 

Grazing capaAty, — The township contains numerous small grassy glades and 
nonforested sunmiits which are utilized to some extent for cattle ranges. 
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DraliuM^t a^ulitii^u^ — There is a lar}^ outflow from the tract, chiefly by way 
of Kuuiuu|i( Wolf Creek« which L» important in the irrigation of agricultural lands 
ill towiiiiihipci out^de the reserve. 

/////v<^< and stittltHiitriU^. — The deserted mining village of Yogo is situated in the 
Miuthi\)atrHl |H>rtiou, while miners' cabins are scattered throughout the township. 

/'ort^l amditMUf. The forest chiefly consists of mixed stands of red fir and 
tpiUio. Suiall quantities of lodgepole pine occur on northern slopes at low and 
luiiliilo okn alii>iii%, Limlter pine forms most of the timber on the crests. The 
iuu)>ct i.H largvlv a pole growth. In the northeast quarter of the township 
(lu^ -itaiuU oouiti.Ht almost wholly of sapling growth 25 to 30 years old. At 
(lu- lowi^ttt oit'\atiuiis veilow pine forms an insignificant proportion of the timber, 
(Kcu|\wug u iiurro\% k'lt and disappearing completely a few hundred feet above 
llu^ ('i4UM»u UnoU. The ivatral portions of the district are difficult of access. 
I lii- umlliiMu H^i^u^ i:kKi\ *>e UHiched by way of Yc^fo Gulch: the northern from 

f niiiUij. rho limlior tm^i been culled in all the more easily accessible gulches, 
ilu till sal \ mi; (ivm lo to ^i> per cent, 

/»»,/ n .. VIiiukhI the catiiv uortlieast quarter has been burned over. Numerous 
III. till I imiJii »4ir M'utti^ivd throughout the remainder of the township. 

V.^..,/n. ./»•-/. Kiviti>cktH;v on the burued-over areas is deficient or lacking. 
lu^ir f \ iiuulrrulo amount ot* young growth in the green forest Red fir 
,... U.imuait . Ml I ho rcrtUK'kagc, 

/, ■.,.,. ; '<. Mudorulo in v|uantity; composed chiefly of juniper scrub and 

' . \\\K\K' \^ u laixv luuouut of dead and fallen timber on the burned 

lu \\h ..uiii iouil the quantity is >anall. 

\ »ii iivM iluiii lullsiikvs ihcixi is a moss cover 3 to -t inches in thickness. 
U^\w \\\K^ luuuu.s i.H oithcr lacking or consists of a very thin layer 

« nu^^^ijiiWUou .'/ luiiiU in 1\ 14 >', H, 10 E. 

12,001) 

11.040 

J^,900 

. : 2.tJ00 

None. 

iMO 

1,200 



J^ 
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species. 



Mill timber. 



Pole and fuel Total volume of 
timber. all timber. 



Limber pine 

Lodgepole pine . . . 

Yellow pine 

Red fir 

Engelmann ppruce 

Total 



Feet B. M. 



3()0, 000 

12,0(X),000 

3, 000. 000 

15, 800, 000 



Cubic feet. 

400,000 

1,000,000 

200,000 

9,200,000 

300,000 



Cubic feet. 

400,000 

1,000,000 

254,000 

11,360,000 

840,000 



11,100,000 



13,854,000 



Compoifition of foreM in T. 14 *V., li. 10 E.y indiidimj trens of all sjh'rU'H with haml d i a meter ft of S inches 

and upward. 

Per cent. 

Limber pine 14. 7 

Lodgepole jiine 15 

Yellow pine -. 3 

Red fir 60 

Engelmann spruce 10 

Aspen and cottonwood Scattered trees. 

Township 14 North, Range 11 East. 

Topography, — Only the western half of this township is in the forest reserve. 
The region consists of steep fronts of spurs which form portions of the divide 
between Running Wolf Cre(»k and Yogo Gulch, and attain altitudes of 7,000 feet. 
The crests are narrow and rocky, while the slopes are deeply scored with narrow 
ravines and canyons. The portion of the township outside the reserve areas is a 
ridgy, rolling foothill region. 

Minlmj, — None. 

Soil, — Limestone debris with thin admixtures of loam. 

Agricultural udajyfaVdity, — The lands within the re^serve are not suitable for 
agricultural pursuits owing to their mountainous character. The eastern portion 
of the township contains more or less agricultural, as well as a large amount of 
grazing, land. 

Grazing capacitij, — None. 

Drainage conditions. — Scarcely an}' permanent outflow origmates in the dis- 
trict. The central areas are cut b}' Sage Creek, w hich has it^ headw^aters in the 
next township on the west. Most of the canyons and ravines are dry during the 
gi eater portion of the year. 

Tmons and settlements. — None. 

Forest conditions, — The forest consists of mixed stands of old-growth red tir, 
yellow pine, and limber pine, with small proportions of lodgepole pine at the 
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highest elevations. In Sage Creek Canyon the stands are of medium density; else- 
where they are thin. The timber is all third class. It is easy of access in Sage 
Creek bottoms, but difficult to reach in other localities owing to steep slopes. 

Cutting. — On the accessible slopes and in Sage Creek bottoms 60 per cent of 
the timber suitable for mill use has been cut. The burned ridges and northern 
declivities of Woodhurst Mountain in the northwest comer of the township in 
some cases have been totally denuded of their timber by fuel cutters. 

Bums. — Large areas in the northwest comer have been totally laid waste by 
fire within the past five or six years. 

Reproduction. — There is a moderate amount of young growth in the living 
forest. On the burned-over areas the restockage is very scanty or wholly lacking*. 
Bed fir is the chief species in the young growth. 

Litter. — Abundant lx)th in the green stands and on the burned tracts. 

Undergn/wth. — Small quantity. 

Hum ujt, — None . 



aasnfication of lands in toestem half of T. U -V., -R. 11 E. 



Forested. 



Acres. 
S,320 



Non f oreuted ; 3, 200 

Biully hume'l 2.«00 

I»^ed 4,000 

Agricultural None. 

None. 



Grazing 

Bare rr)ck« , 



Total 8t^ of timber in western half of T 14 N,, R, 11 E. 



600 



LlniUir pini* 
Yellow pifH* 
H4$d fir 



ToUl 



Bpeciei). 



Mill timber. 



Pole and fuel 
timber. 



Feti B. M. 

800,000 
2,000,000 
8,000,000 



10,800,000 



Cubic/eet. 
3,300,000 



6,000,000 



9,300,000 



Total stand of 
all timber. 



CuMc/eet. 
3,444,000 
360,000 
7,440,000 



11,244,000 



(.'omptmtion of forest a tw western half of T. 14 N.y R. 11 £., including trees of aU species with basal 

diameters of S inches and upward. 

Per cent. 

Liitilier pint* 40 

I^MlgqKilo pine 5 

Yellow pine 2 

\Um\ fir 53 
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Township 15 North, Range 8 East. 

Topography, — In the south are steep spurs radiating from the mountain areas 
around Neihart Baldy, in the center is the valley of Dry Fork of Belt Creek, 
while on the north are the long slopes and ridges of Barker Mountain. The 
altitude varies from 6,000 feet for the valley levels to 8,200 feet for the 
summits of Barker Mountain and the ridges in the southern portion. 

Mining. — The tract formerly supported several mining camps. Mining loca- 
tions abound in the eastern portion. 

Minerals. — Chiefly silver, lead, and small quantities of copper. 

Soil. — Thin, gravelly loam mixed with much limestone debris. 

Agricultural adaptahility. — Tracts in the central portion of the township in 
Dry Fork Valley are suitable for agricultural purposes, and are occupied by 
farmers. The remainder of the township is not tillable. 

Grazing capacity. — Small glades on the southern hillsides and in the canyons. 
The area of grass land is insignificant. 

I}rainage conditions. — The run-off originating in the township Is small in 
volume. Most of the lesser creeks are dry during portions of the year. 

Towns and settlements. — Two mining villages. Barker and Hughesville, formerly 
existed in the township but both are now abandoned. Farmsteads are located on 
the agricultural lands and are occupied continuousl}'. 

Forest conditions. — The forest consists of mixed stands of lodgepole pine, red 
fir, and Engelmann spruce, mostly of small and slender growth, limby and knotty, 
and fit only for fuel and pole timber. 

Cutting. — The forest has been logged throughout, the cut averaging 65 per 
cent. 

Bums. — Extensive fires have devastated the forest in the northern and south- 
western portions. Most of the green stands are fire marked. On the burned- 
over areas all the timber has been killed, but not consumed. 

Reproduction. — Restockage is scanty on the larger burns where the slopes 
face the south. On the northern slopes it is abundant, except on very recent 
burns, where seedling growth is still lacking. On the cut-over areas the young 
growth is abundant. Lodgepole pine and red fir compose most of the restock- 
age, the former species prevailing. 
Undergrowth. — Light. 

Litter. — There is a large amount of litter, consisting of the debris left by 
loggers and unconsumed by fire. 

Humus. — Very light or altogether lacking. 
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Classificaiian of lands in T. 16 N., R. S E. 



F^/nefted 



Acres, 
14,000 



S'mior^ted 9,040 

Ba/J ly bumc'<i 6, 400 

lyijrKf-*! 12,000 

Aj^niltural ^ h^OO 

(inuinii - 500 

Hare nxrks .• 640 

Total Htand of timlter in T. 15 N., R. 8 E. 



Bp<»ci^. 



MUl timber. 



Lirn>«r pine 

\jt(\iif\Ht\e pine... 

Kif*l fir 

Kri((elrnann Hpnic* 

Total 



Feet B. M. 



4,000,000 
500,000 I 
50,000 1 



Pole and fuel 
timber. 


Total volame of 
all timber. 


Cnhicfeet. 


CubicJfcL 


100,000 


100,000 


7,800,000 


8,520,000 


4,300,000 


4, 390, 000 


60,000 


.69,000 



4,550,000 12,260,000 



13,079,000 



i 'oinjtfftiHiim of fitreM in T. 15 iV., R. 8 E., including trees of all species vnth basal diameters of 3 inches 

and upunrd. 

Per cent 

I^ifiUfr pine 2 

ljn\iii*\t*>U*. pine 58 

lU-il i\r 36 

Hiittfilpine fir 3 

Knt^elnmnn Hpnicf 3. 2 

Ahih'U ami cotton wo<xl 5 

Township 15 North, Range 9 East. 

7o/for/rf//)/u/. -The. general relief of the township consists of moderately steep, 
liij^h ri(lg<»s, inclosing broad canyons. The eastern half is intersected by high 
I idg<*H, radiating in a northerly direction from Yogo and Neihart Baldy and serv- 
ing an dividing lines between the waters flowing into Judith River basin and 
lirlt (!n»ck. Th(i western half of the township includes valleys and spurs radiat- 
ing from different centers, such as Mixes Baldy and Barker Mountain. The 
gi*iM*nil elevation is al)out 7,(K)0 feet. 

AV>/7. (irravelly loam mixed with more or less finely comminuted limestone 
d^briis. 

J//// ///f/. —Formerly the township was the scene of active mining operations, 
but ti'mci*. tlie cessation of work in Barker camp, in the township adjoining on the 
webl, mining has come to a standstill. Numerous prospects and mines in different 
.sUges of <lev«dopment are located throughout the western half. 
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Minerals, — Various combinations of silver, lead, and copper. 

Agricultural adaptability, — Small tracts in the northern portion ^t the north- 
ern foot of Mixes Bald}- and on tributaries to Dr}^ Wolf Creek are tillable and 
in part occupied. 

Grazing capacity, — The grazing areas are limited to bare summits on the 
high ridges in the eastern portion. The}- are but little pastured, if at all. 

Drainage condition a, — The outflow is of modenite volume and is carried in 
part by Barker Creek and in part by Mill Creek. Both empty into I^lt Creek 
and supply about one-fourth the volume of that stream. 

TcntyuH and settlement si. — The township contains no villages. There arc two or 
three settlers on the agricultural lands in the northern and eastern areas. A 
small sawmill is located in the central portions of the district on Mill Creek. 
Miners' cabins and claims are scattered through the mineral areas. 

Forest conditi&ns, — Most of the merchantable forest consists of veteran stands 
of red fir and Englemann spruce. The lodgepole-pine stands are confined chiefl}^ 
to the northwest, west-central, and southwest portions, and are mostl>' composed 
of sapling growths. At the highest altitudes the forest consists of limber pine, 
white-bark pine, subalpine fir, and small proportions of spruce. The red fir is of 
the slender eastern Montana type. The spruce general!}' is stocky and limb}'. 
Most of the timber is comparatively easy of access from the diflferent canyons. 

Cutting, — A large amount of timber has been cut. It has been used at 
Barker mining camp, in the agricultural districts north of this township, and at 
the copper smelter at Great Falls. Most of the canyon bottoms and their lower 
slopes have been cut over, the cut varying in different localities from 20 per cent 
to total. 

Burns, — Burned-over areas occur in the northeast and east-central regions. 
The burns date back ten or fifteen years, and totally denuded the land of its 
living timber. 

Reproduction. — Restockage is deficient on the burned-over areas. It is mostly 
composed of lodgepole pine instead of the former growth of red fir. In the green 
stands there is sufficient \^oung growth to maintain the present stockage of the 
stands. On the logged areas seedling and young sapling growths are abundant, 
consisting of red fir and spruce in about the same proportions as existed in 
the former forest. 

Litter, — The burns are littered with a great deal of unconsumed debris, in 
part fallen, in part standing, while on the cutting areas the ground is littered 
with unpiled masses of tops and limbs. On the logged tracts in the southern 
areas of the township thousands of smelter poles, mine props, and sawlogs have 
been cut and left on the skidwavs and in the forest to rot. 
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Humus, — At the higher elevations humus is practically lacking. At lower 
altitudes the forested canyon floors and northern slopes have a cover of moss and 
pine needles 3 to 4 inches in thickness. 



Clamfication of lands in T, 16 N., R, 9 E, 



Acres. 



Forested 15,600 

Nonforested 7, 440 

Badly burned 3, 640 

Logged 6,800 

Agricultural 1, 200 

Grazing 2, 000 

Bare rocks 600 

TfAal stand of timber in T, 16 iV., R, 9 E. 



Species. 



MUl timber. 



Pole and fuel 
timber. 



Total Tolume of 
all timber. 



FMB.M. 

Limber pine ' 

liOdgepole pine , . 13, 000, 000 

Red fir 20,000,000 

Subalpine fir \ 

Engelmann spruce i 5, 550, 000 



Cubic feet. 

400,000 

8,700,000 

11,200,000 

200,000 

2,800,000 



Cubic /€ft. 

400,000 

11,040,000 

14,800,000 

200,000 

3,799,000 



Total. 



38,550,000 



23,300,000 1 30,239,000 



Composition of forest in T, 16 N,, R. 9 E.^ including trees of all species with basal diameters of S inches 

and upward, 
I Per cent. 

Limber pine 5. 5 

Lodgepole pine 30 

White-bark pine 5 

Yellow pine 8oattere<l trees. 

Red fir 52 

Subalpine fir 6 

Engelmann spruce 11 

Aspen and cotton wood 4 

Township 15 North, Range 10 East. 

Topography. — In the western and southern portions are steep mountain spurs 
and ridges reaching altitudes of 7,000 feet. The eastern portion is a foothill 
region, consisting of limestone terraces and basin-like depressions, the terraces 
rising 260 to 500 feet above the floors of the intersecting ravines and canyons. 

Mining. — ^The ti-act contains many prospects in various stages of development. 
No active mining is carried on. 
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pine. The forested area^ in the eastern neetionA of the township hsre a 

ainoiint of youngs ^rrowth in their stands, whicb, in .^ome few localities. «^ofw> a 

flight tendency toward extensions into the woodlands. 

rndeivriHcth. — ^Diere is prenent a moderate amount of unde r g mml i. It cob- 
^i»it> of juniper scrub* Shepherdia. service berry, and various smaller gp ec i e^ * of 
4irubtk 

AZ/ftrr. -Dead and fallen timber is plentiful in most of the green and tire- 
killed stands. 

/Ihm^w^ — Cieuerally lacking, but here and there a thin moss carpet covers the 

ivH\)«4i door. 

Uamjicatiaii of lamb in T. 15 X.. IL 10 E. 



l'on*u»d *.000 

WiKhiixi 5.000 

NfuUiubvixxl 12.010 

l^iwlh UmuoJ 5,aOO 

l.o^v^i, •i.oOO 

V^i4vuUiU«U. 2.800 

» .liWiiH^; . - - ^i.WO 

ImUV '\.'vk,ai 440 

Tfytal MiXHd o/timbfr m T. 15 X. IL 10 K 

^i"^-*^^^'*^ Mm umber. timber. mU timber. 

1 . 

/M&Jf. CMbie/«t. CtMe/nt. 

200,000 200,000 

800.000 3,000,000 3,144,000 

6,000,000 1,500,000 2,580.000 

. . ». 200,000. 200,000 

, . 500,000 350,000| 440.000 

7,300,000 5,250,000 6,564,000 

^1 

. /. ; ' N.. U. 10 K, indudhtg treetofaU trpeeU$ with baaal diameten of S ineke* 

and upward. 

Percent. 
2 

. .. 30 

. n... Scattered trees. 
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LITTLE BELT MOUNTAINS QUADRANGLE. 

The Little Belt Mountains Forest Reserve is represented on portions of the 
Fort Benton and Little Belt Mountains sheets of the topographic atlas of the 
United States. The reserve includes 3.75 per cent of the Fort Benton quad- 
rangle, and 20 per ce^it of the Little Belt Mountains quadrangle. Estimates 
were made of the classes of land and the amount of timber in the Little Belt 
Mountains quadrangle. The detailed description of the silvicultural conditions 
given in the account dealing with the Little Belt Mountains Forest Reserve 
applies equally to the forested areas situated beyond the boundaries of that 
reserve within the quadrangle. 

liOCATION, EXTENT, AND Cli^VSSIFICATION OF liANDS. 

The Little Belt Mountains quadrangle occupies a tract of country in the 
State of Montana, situated between 46^ and 47^ north latitude, and between 110° 
and 111° east longitude, and has an area of 2,108,614 acres. The region pre- 
sents a great diversity of mountain, plain, and valley, timbered and nontimbei'ed, 
the acreage of the different classes of land being shown in subjoined tables. 

Classification of lands in the LittU Belt Mountains quadrangle^ Montana. 

Acres. 
Forested 812,208 

Wooded 25,000 

Nontimbered 1,271,406 

Total 2,108,614 

The nontimbered lands consist of grazing and agricultural lands, with tracts 
of bare rock at alpine or subalpine heights. The acreage of each class is as 
follows: 

Classification of nontimbered lands in the Little Belt Mountains quadrangle, Montana. 

Acres. 
Agricultural 194,680 

Grazing 989,496 

Bare rock and high alpine 87, 230 

Total 1,271,406 

TOPOGRAPHY. 

RELIEF. 

The high relief of the region is formed b}^ outlying ranges of the Rocky 
Mountains, more or less closely and directly connected with that system, or 
isolated and surrounded by plains areas. The mountain areas of the north half 
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of the (|uadrau||^le are formed by the main axis and tiie flanking spurs and ridges 
of the Little Belt Mountains, which strike through the quadrangle from northwest 
to ^uthi'HtiL The mean elevation is 7,300 feet, the highest points reaching 
sdtitud4ff» of h.^OO feet. 

I'h4; high n^Iief of the central areas is formed by Castle Mountains, a detached 
'/uiiiiir of the Little lU^lt Range, covering only 50.000 acres. Its mean altitude 
u 7,^iu fe43t, the culminating point of the tract reaching a height of 8,600 feet. 

I hi! orogmphical features of the southern areas are centered in the Crazy 
MoiifiUiinA, u rough, rocky, steep tract of country — a southward continuation of 
i tt.7l|i! MouiiUiiiiA, with which they connect through high, broad, nontimbered 
rl/t|^co. The uir^n elevation of the region is 7,800 feet, many points in the 
' I'jiliul lioi'liofi of the Hystem reaching altitudes of 10,000 feet, while the culmi- 
fM^iiiti^ point of ihc entire mass is 11,180 feet above sea level. 

Iht' lowi'j |iortion of the quadrangle consists of small tracts of rough and 
hn,ki h foothill region, and of wide, rolling plains and areas of nearly level table and 
til t*i )» Ui»<li». Till', plaiiii^ are dotted with numerous isolated buttes, intersected 
,viMi low 'iiiiiba und irregular rocky ridges, and are cut by a multitude of 
ii(«iiii-i io»(l tunyunn. The flood valleys are comparatively broad, and are bor- 
III"! t^ith .^e.ver4l tiiu'ii of teri*aces and benches. The mean altitude of the low 
|. :.tiii«i« t,\ iliit qimdimigle ih t^iX)0 feet. 

DRAINAGE. 

llii iwiillierii |iui't of the region lies partly within the drainage of Judith 

Ui^'i .iifl |mill> within the Musselshell basin. The southern areas drain into 

i..ll"M i"ii( HisvA through various small creeks and the larger Shields River. A 

• III iti lilt. ws'.M rculml regions nends its drainage into the Missouri, in a westerly 

h. it«.ii iliioiij^li SixtiHMi Mile Creek and Smith River. None of the streams 

).i KiiUJ.i Uivei i'lKVvy any considei*able volume of water, except during flood 

< hit.^idt (lie iiuMihtaiu ureas the streams are not rapid, and meander through 

M. , .1 I'lt alluvial de|K>sitH. Most of the outflow originates in the Little 

I, 4 ..II.;.* Tlie Cra/y Mountains discharge moderate quantities from their 

it, .,, )<i|M : iiiio the Musselshell. The outflow from the Castle Mountains is 

•i M. i I III lolliuH plains region gives rise only to small and intermittent creeks. 

AUUiCUIiTURAX I*AXI>8. 

• .N.iMe hiiiiU juuouut to 10.1 per cent of the quadrangle and are so 

>u ' a>il\ irrigable. It is not improbable that much of the grazing 

».. .. ( liuuieil ]>y moans of storage reservoirs and high-line ditches. The 
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lands cultivated at the present time consist wholly of bench lands on the lowest 
terraces, which can be irrigated from the various streams that course through 
them without much expense or labor. The soil in the bottom lands varies from a 
deep, rich loam to a thin topping of alluvial silt on coarse gravel and bowlders. 
When once under ditch the lands yield good crops of hay and grain. There are 
no agricultural lands in the mountain areas worth noting. 

GRAZIKG liANDS. 

The range lands consist of plains, foothills, and high timberless or sparsely for- 
ested mountain areas. The plains have long been used as cattle and sheep ranges; 
originally covered with luxuriant growths of grass, they have been grazed so 
closely that where not fenced their grazing value is exceedingly low. Much of 
the land in the more level plains areas is now owned or leased by^ private parties 
and within fence, allowing the grasses a measure of recuperation. The foothill 
areas have been used very much like the plains and their pasturage value is but 
little higher. The alpine and subalpine grazing areas are situated above the 7,800- 
foot contour line. The tracts which are situated within the limits of forest growth 
represent ancient fire glades where restockage has failed. Above the 10,000-foot 
level, grassy alpine tracts begin and continue to the highest elevations. Alpine 
areas occur only in the Crazy Mountains; no poifit in the Castle or the Little Belt 
Mountains is higher than timber line, 9,300 feet. The high areas are sheeped 
wherever accessible except within the limits of Little Belt Mountains Forest 
Reserve. They are covered with a tough, close sod composed largely of subal- 
pine species of sedge, and have not greatly suffered from the sheeping to which 
they have been subjected. The grazing lands constitute the class having the 
largest acreage in the quadrangle, including nearly 51 per cent of the total area. 

WOOBI^NBS. 

The woodlands occupy less than 1 per cent of the quadrangle, occurring 
chiefly on the eastern slope of the Little Belt Mountains where a small tract of 
foothill country is stocked with broken and intermittent stands characteristic of 
this class of lands. Red fir, limber pine, and yellow pine thinly scattered in 
copses and narrow lines or as isolated trees form the growth. The volume of 
timber which they carry is insignificant, and owing to their proximity to the 
arid plains no considerable addition to their stockage can be expected. 
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FOREST. 

Generally speaking, all the areas in the quadrangle situated above the 7,000- 
foot contour and below the 9,3(X)-foot level bear forest, the lands of this class 
constituting very nearly 40 per cent of the entire area. The growth is almost 
wholly coniferous, not more than 0.5 per cent belonging to broad-leaved species. 
The subjoined table exhibits the percentage of each species composing the forest. 

Composition of foreH in the UUk Belt Mountains f{uadrangl€, MontanOf including trees of all species wUh 

fxisal diameters of S inches and upward. 

Per cent. 
Limber pine 3 

Lodgepole piuti 30 

Yellow pine 1 

White-bark pine 1 

Red fir 55 

Subalpine fir 1. 4 

Engelmann spruce 10 

Aspen and cottonwoo<l 4 

The forest presents three more or less clearly defined zones or divisions, 
which present a general uniformity in aspect and composition throughout the 
quadrangle. In the lowest of these zones, between the 7,000 and the 7,400-foot 
rx>ntours, red fir is the dominant species, limber pine, yellow pine, and lodgepole 
pine constituting not more than 10 per cent of the growth. Above this zone, 
and extending to altitudes of 8,300 feet, is the middle division, containing the 
great mass of the forest. It is made up of lodgepole pine as the dominant 
sj>ecies in all the interior and more humid portions of the mountains, with red fir 
as the leading species on the warmer and drier southern slopes. Associated 
with these species are varying proportions of Engelmann spi-uce and limber 
pine. Above the middle zone subalpine tracts begin. In the stands at this 
attitude Engelmann spruce forms the larger proportion, subalpine fir and white- 
bark pine seldom exceeding 20 per cent. 

The forest at its lower levels is generally thinly stocked, except in localities 
where plenty of seepage exists. Its avemge capacity in timber of all sorts seldom 
exceeds 1,000 cubic feet per acre. In the middle zone is often a heavy and very 
close stockage, esj^ecially in the lodgepole-pine stands of pure or nearly pui-e 
growth, where the yield frequently runs as high as 6,000 to 7,000 cubic feet per 
m-re. The subalpine forest is thinly stocked, and will not average 1,000 cubic 
fiiut per acre. 
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The volume of timber in the quadrangle is showa in the appended table, trees 
less than 4 inches in basal diameter being excluded from the estimates: 

Total stand of timber in the Little Belt Mountains qnadrangle. 



Species. 



Limber pine 

Lodgepole pine 

Yellow pine 

White-bark pine 

Red fir..... 

Subalpine fir 

Engelmann spruce 

Aspen and cottonwood. 

Total 



Mill timber. 



role and fuel 
timber. 



Total volume of all 
timber. 



Feci B. M. 

4,050,000 I 
159, 300, 000 ' 
11,800,000 



287,(350,000 | 
81,750,000 



Cuhicfcd. 

20, 195, 000 ! 
898, mo, 000 I 
7, 400, 000 I 
900,000 i 
613,935,000 , 
12,120,000 
104,660,000 
6, 000, 000 



Cubic, fed. 

20,924,000 

427, 614, 000 

9,524,000 

900,000 

665,712,000 

12,120,000 

119,37.5,000 

6,000,000 



544, 550, 000 I 1,1 64, 150, 000 , 1 , 262, 1 69, 000 



Extensive tires have swept large areas in the (luadrangle during the last 
thirty-five or forty years. In the aggregate 160,000 acres have been burned over, 
involving total destruction of the forest. The greatest acreage of burned forest 
is in the Little Belt Mountains Forest Reserve. Portions of the central areas of 
the Castle Mountains and of the lower slopes of the Crazy Mountains likewise 
have suffered severely. 

Restockage is abundant throughout the middle and lower zones of the forest, 
except on the southern slopes, in nearly pure red-fir stands where fire has run. 
Lodgepole pine leads everywhere in the reforestations. In the subalpine forest 
reproduction is scanty. When the stands are destroyed by fire at the high 
elevations a grassy turf takes their place and apparently persists for a century 
or two. 
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A. 

Page. 

AbieB laedocariMi. See Fir, subalpine. 
AgricnltTiral lands, extent, location, and character 

o£,in Little Belt Mountains Forest Reserve 10, 13 
extent, location, and character of, in Little Belt 

Mountains quadrangle 67-09 

For definite localities, ate Townships. 

Alder, occurrence of 16,18 

Aspen, occurrence of 18 

percentage of 16,70 

B. 

Barker, Mont., abandonment of 61 

woodcutting for 22,63 

Barker mining district, location and character of . . 13 

Barker Mountain, location of 61,62 

Barren areas, extent of, in Little Belt Mountains 

Forest Reserve 10 

extent of, in Little Belt Mountains quadrangle . . 67 

-Fbr definite localities, see Townshiiw. 

Belt, Mont., mine props for 22 

Belt Creek, basin of 12 

basin of , bums in 25 

woodcutting in 22 

discharge of 46 

Burned areas, extent of, in Little Belt Mountains 

Forest Reserve 10,23 

extent of, in Little Belt Mountains quadrangle. 71 

For definite localities, see Townships. 
Bums. See Fires. 

C. 

Castle Mountains, altitude of 68 

burnson 71 

location and extent of 68 

Cherry, wild, occurrence of 16,18 

Copjier, occurrence of 13,48 

Cottonwood, occurrence of 18 

percentage of 16,70 

Crazy Mountains, altitude of 68 

burnson 71 

location and character of 68 

run-oflPof 68 

Cutting. See Woodcutting. 

D. 

Daisy Dean block, grazing on 15 

locationof 11 

Daisy Dean Creek, flow of 27-28 

gapatheadof 11 

locationof 12 

Drainage, features of, in Little Belt Mountains For- 
est Reserve 12 

features of, in Little Belt Mountains quadrangle . 68 
For definite loaHities, see Townships. 

Dry Wolf Creek, basin of , restockagein 26 



E. 



Engelmann Spruce. See Spruce, Engelmann. 
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F. 

Fir, red, age and dimensions of 19 

cuttingof 20 

occurrence of 16,70 

percentage of 16,70 

range of 16-18,70 

restockageby 24-25 

volume of 20-21,71 

For definite localities, see Townships. 

Fir, subalpine, age and dimensions of 19 

occurrence of 16,70 

percentage of 16,70 

range of 17-18,70 

restockageby 24 

volume of 21,71 

For definite localities, see Townships. 

Fires, in Little Belt Mountains Forest Reserve 28,24 

in Little Belt Mountains quadrangle 71 

For definite localities, see Townships. 

FoothiUs, extent, location, and character of 14 

Forest, in Little Belt Mountaiiis Forest Reserve, 

age of 19-20 

in Little Belt Mountains Forest Reserve, alti- 

tudinal range of 16-18 

composition of 16 

effect of, on run-off 20 

growth of 20 

replacement of , by grass 24 

in Little Belt Mountains quadrangle, composi- 
tion of 70 

fires in ^ 71 

zones of 70 

For definite localities, see Townships. 
Forested areas, extent of, in Little Belt Mountains 

Forest Reserve 10 

extent of, in Little Belt Mountains quadrangle. 67 
For definite localities, see Townships. 
Fort Benton quadrangle, land-classification map of 

part of 10 

G. 

Geology of Little Belt Mountains 11 
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PRELIMIMRY REPORT ON THE GEOLOGY OF THE ARBUCKLE 

AND WICHITA MOUNTAINS. 



By Joseph A. Taff. 



GEOLOGY OF THE AKBUCHvLE MOUNTAINS. 

INTRODUCTORY REMARKS. 

The Arbuckle Mountains consist of a moderately elevated table -land or 
plateau in the east centml part of the Chickasaw Nation, Indian Territor}. The 
plateau ranges in elevation from 1,300 feet above sea, in its contracted western 
part, to 75U feet, at the east end, where it coalesces with the bordering plain. 

Geologically the Arbuckle Mountain region consists of a great thickness of 
rocks, composed chiefly of limestones, which range in age from middle Cambrian 
to Devonian, and which are succeeded on the borders by an almost equal thick- 
ness of Carboniferous conglomerates, shales, and sandstones. In the central part 
of the district, unconfonnably l^eneath the Cambrian strata, there is a mass of 
granite, granite-porphyry, diabase, and associated crystalline rocks. The uplift- 
ing and folding of the region occurred previous to the deposition of the Permian 
'"Red Beds,'' which were deposited across it on the west. The bearing of the 
Arbuckle uplift is approximately N. 70^ W. 

Sixty miles to the northwest are the Wichita Mountains, in southeastern 
Oklahoma, which are physiographically in marked contrast to the Arbuckle Pla- 
teau, being composed of a range of rugged mountains and straggling peaks and 
hills, set in a practically level plain. The Wichita uplift bears in approximately 
the same direction as the Arbuckles, N. 70^ W. It consists of a central mass 
of igneous rocks which is partially surrounded, unconformably, by a thick section 
of Cambrian and Ordovician sandstone and limestone. The stratigraphy is in 
all essential respects a repetition of that of the Arbuckle uplift, as far as could 
be determined from the rock exposures. The outline map (tig. 1, p. 12) shows the 
geographic relations of the Arbuckle and Wichita mountains. Because of the 
close stratigraphic, lithologic, and structural relations of the two regions dis- 
cussions of their geology may with propriety be brought together in a single report. 
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fkVJttJffn OK THK AKKIJCKLK AND WICHITA MOUNTAINS. 



TYt^ nmtw \r)mrk\v MoiuitairiH, as iwed in this rei)ort, includes the elevated 
f^our^frv involvf'd in the Arhuckle Mountains uplift. The name as it is used 
Wtrf^Wv »■* ftffftyu'A Ut th<» lii^her wei<tern part of the uplift, chiefly we«t of 
W}#^i^)» Kfv^'f. Full expoHures of all the older Paleozoic strata which are found 
in fh^ ftj^^t^ #'l<'vai«!d wi^HU^rn iwrt occur also in the eastern part surrounding 
a /*Afr^ fff ]if(ff^4tun riM'k, Devonian and Carlwniferous rocks are involved in the 
wpS'rtf. y^f H*" t'hit^t\y In a lower plain lK)rclering the mountainous district Across 
f%^ ^^t^fh^f'^^Ptft \n%vi of the Arhuckle Mountains are late Carboniferous and 
^'^yrVr'ii^A Jtiti^Ui^^ Hhtch are ncparati'd from the older rocks hy a great unconformity. 
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IIm yoM|*»y\ \\i \\\\^ M\^k^ mui Ti>JH>iwin}!x> qimdmnisrles has been studied in 
^it^loil HM^i \\\%^ h'»^ll> )m^\o Uh^m |mMi>lHs< in fi4io> IV and Hs of the Geologic 
Allien ill \\\%: V)\\\t^i\ S\^U'^ I'hvtn^ %|iiaHlniii$rlir(S extend fnm longitiide 9^^ to $»T^ 
^\\i\ liMIM iHlilmW M \s^ v^4 v^^\ ^1^) UH^hhie the ^ustem and central paits of the 
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Arbuckle region. Tho remuiniiig portions of the region, included in the southern 
half of the Stonewall and the northeni three-fourths of the Ardmore tjuadrangles, 
have been surveyed in special reconnaissances. In this work the formation 
boundaries were traversed and mapped, and the rocks have* been studied in the 
light of the classification already established in the survey of the adjoining 
Tishomingo and Atoka quadrangles. 

Dr. G. H. Girty and Mr. E. O. I'^lrich collected and studied fossils in cooper- 
ation with the stratigraphic work. Without their assistance accurate mapping 
could not have been accomplished in much of the area. 

Large collections of fossils were made from all the limestone formations 
above the Cambrian. Less abundant faunas occur in the basal Cambrian sand- 
stone, in the Sylvan shale of the Silurian, in the Devonian chert, and in the 
Carboniferous rocks, yet the fossils are ample for rock classitication. These 
collections are in hand for study preparatory to a monographic? report. The 
classitication of the pre-Carboniferous Paleozoic locks and faunas wa>i made by Mr. 
Ulrich. Dr. G. B. Richardson and Dr. George L Adams assisted in the survey 
of that part of the Arbuckle uplift which is included in the Atoka (juadrangle. 
A large part of the survey of the Tishomingo quadrangle is the work of Mr. 
Sydney H. Ball. 

PHY8IOGRAPHT OF THE ARBUCKLE 3IOUNTAIXS. 

GENERAL TOPOGRAPHIC FEATURES. 

When considered in a broad sense the Arbuckle Mountain district is 
coextensive with the area in which rocks older than the Devonian are found. 
So considered it forms a rudely triangular area approximately 80 miles upon 
each side, with an arm extending westward from the southwest corner. It is 
longest from northwest to southwest, which is the general direction of the 
uplift. The l)oundaries of the region mark only in part the limits of the 
uplift. Since the region was uplifted late Carboniferous and Cretaceous rocks 
have been deposited across it and now conceal the oldei- rocks by unconformable 
overlap toward the northwest and southeast. The Cret^iceous strata upon the 
southeast dip toward the southeast, and the Carboniferous on the opposite side 
dip toward the northwest. As erosion progresses these overlapping deposits 
which once covered the region recede, giving a continually broader section across 
the uplift. Previous to the deposition of the Cretaceous the older rocks in the 
region of the uplift were worn down nearly to a flat plain. Since the Cretaceous 
strata have been removed this plain has been preserved as a low plateau in the 
harder rocks of the central part of the uplift, while the softer strata upon the 
sides have been eroded to lower levels. Thus the central part of the uplift 
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which i« here termed the Arbuckle Mountain district remains as a low south- 
eastwardiy inclined plateau, with distinct escarpments facing northeast and 
southwest. The western part of the Arbuckle Mountains reaches an elevation 
of about 1,350 feet and is 400 feet above the plains on each side. The gi*ade of 
the Arbuckle Plateau toward the southeast is greater than that of the bordering 
plain. As a result tlie two plains intersect along the Cretai'eous contact on the 
southeast side. On the northwestern side the thick deposits of Carboniferous 
conglomerate and '" Red Beds ■' sediments continue away to the northwest, making 
the broad plain which passes to and around the Wichita Mountains. The descent 
from the Arbuckle Mountains westward to this plain is inconsiderable. Toward 
the southeast the Cretaceous plain extends with slight change of grade from the 
Arbuckle district toward the Gulf coast. 

The minor topographic details of the Arbuckle Mountains are due chiefly to 
the varying resistance of the formations, which has resulted in diflferential erosion 
since the removal of the Cretaceous rocks. Bordering the mountains upon the 
southwest side are five formations extending from the Ordovician to the basal fonna- 
tion of the Carboniferous, which are composed of hard limestones and soft shales 
steeply upturned and dipping toward the southwest. The Sycamore, Hunton, and 
Viola limestones, the first, third, and fifth formations, respectively, from above, 
are hard rocks making level-topped narrow ridges with their crests nearly in 
the level of the Arbuckle Mountain plain. Between these limestone ridges the 
softer Woodford chert of the Devonian and the Sylvan shales of the Silurian 
outcrop in wooded valk\ys. On the northeastern side of the district are similar 
ridges made by the same formations, excepting the Sycamore limestone. Between 
these belts of alternating ridges and valleys and toward the axial part of the 
uplift the brotul plateau proper of the Arbuckle Mountains is chiefly in the 
truncated edges of the Cambro-Ordovician limestone and the reduced pre- 
Cambrian gmnite and porphyry. In the more elevated part of the uplift the 
small streams, }>ecause of their steep grades, have etched the border of the pla- 
teau into a frill of deep, short gulches. This border erosion is especially marked 
near the gorge of Washita River where it crosses the Arbuckle Mountains. 
Washita River was, without doubt, imposed upon the rocks of the Arbuckle 
Mountains from a former position in stnita which are now removed. The expla- 
nation of this river erosion in the Arbuckle Mountains as a part of the physio- 
graphic history of the uplift will be discussed below. 

HISTORY OF THE PHYSIOGRAPHIC FEATURES. 

In the Arbuckle Mountains the rocks from the middle Cambrian, the lowest 
known in the region, up to middle Carboniferous, which were formed previous 
to and are involved in the uplift, are well exposed. The general physiographic 
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historj is learned from the extensive Coal Measures conglomerate in the north- 
west and southwest sides of the region, the later ''Red Beds" conglomemte across 
the west end, and the Cretaceous sedinient*> across the southeastern side of the 
uplift. Only a brief discussion of this history can he given in this paper. 

From Cambrian time up to middle Carboniferous the stratigraphic succession 
is regularly conformable, showing that the rock beds remained pnictically flat 
during suicessive periods. There were probabl}' oscillations which brought the 
sediments to the surface of the water at times, and gave occasion for slight 
erosion, which will be descrilM»d in the discussion of the stratigraphy. About the 
middle of the Carboniferous period, near the beginning of Mississij>pian time, 
the rocks of the Arbuckle Mountain region were uplifted and folded, and moun- 
tainous conditions resulte.d. During and following the uplift and before the end 
of Carlx)nif(»rous time the mountains, so far as can be observed, were worn down 
to moderate relief. During this time thick deposits of limestone conglomenites, 
derived from the Silurian, Ordovician, and Cambrian rocks toward the heart of 
the uplift, were laid down in the bordering Carboniferous seas. As erosion pro- 
gressed, during late CarlK>niferous time folding and faulting occurred, as is shown 
by the infolding and faulting of som<» of the earlier Carl)onifer()us conglomenites 
with older Paleozoic strata. Remnants of this Carboniferous conglomerate occur in 
the present Arbuckle Plateau in a number of places and conceal the whole north- 
western extension of the uplift. The nearly flat limestone conglomerate, grits, 
and clays of the basal portion of the "' R<»d Beds" rest unconformably upon the 
Coal Measures (tonglomerate and across rhe extreme western end of the Arbuckle 
Mountains. Between the Permian and the Cretact*ous there is no record of sedi- 
mentation, and it is presumed that land conditions prevailed. 

Development of the Ai'hiiekli' J ^/aftaff.— Tiny basal formation of the lower Creta- 
ceous lies across the southeastern side of the Arbuckle uplift, on a nearly smooth 
floor, composed of gninit^* and interstratitied with thick and hard limestone and 
thinner limestone, sandstone, and shale formations. This formation, which is 
slightly inclined toward the southeast, is composed of the beach and near-shore 
deposits of the Cretaceous sea, which ti'ansgressed northward and most likely 
beyond the region of the Arbuckle Mountiiins. The nature of tht^se deposits of 
the Cretaceous and of the flat floor upon which they rest suggests strongly that 
the land upon whi(»h the Cretaceous sea advanced had been reduced to a low 
peneplain. Whatever the condition of the pre-Creta<'eous land, it appears that 
the Cretaceous degradation n»duced all the rocks from the soft shales of the 
Carl)oniferous to the massive hard limestones of the Cambro-Ordovician and the 
granite to a nearly flat plain. The basal Cretaceous formation was rapidly eroded 
toward the south, in the direction of the drainage and of the dip of the strata. 
After these sands were removed from the rock floor of varying hardness on 
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which they had been deponited, differential eroi^ion produced the topogTaphic 
fomui of the Arbuckle Mountains and the )>ordering parallel hills and valleys and 
etched plateau. The plain of ihe Arbuckle Mountains when projected southward 
parses beneath the Cretaceous sediments* approximately in the Cretaceous floor. 

As the soft Cretaceous rocks al>ove the Arbuckle uplift were removed the 
streams which flowed in them without obstruction toward the south descended 
and were imposed upon the hani rocks of the Cretaceous floor. Thus Mill and 
Pennington creeks and Blue and Washita rivers were imposed upon the Arbuckle 
Mountains. As Mill and Pennington creeks and Blue River are near the eastern 
end of the uplift from which the Cretaceous whs last removed, and do not flow 
beyond the limits of the Arbuckle Plateau, they have wide, shallow valleys, extend- 
ing southward in Paleozoic and Cretaceous strata with very slight increase in grade. 
Washita River, however, flows in a lower phiin for long distances in the soft 
rocks before reaching and after its passage through the Arbuckle Mountains. 
These soft rocks were worn down more rapidly than the hard limestones, and 
the river was required to keep jjace in cutting it»< deep and narrow gorge across 
the Arbuckle Mountains. 

Pf^neplahi of prii^mhh Tertiary ngt, -Toward the northeast and southwest there 
is a desc*ent of KX) to -MX) feet from the plateau in the Arbuckle Mountains to 
the general level of the plain formed upon the softer Carboniferous rocks. The 
erosion which produced this lower plain has uncovered and obliterated a large 
part of the marine Cretaceous plain northeast and southwest of the Arbuckle 
district. Southeastward, in the general direction of the drainage toward the Gulf 
of Mexico, this plain descends approximat**ly with the grade of the rivers. Along 
these river valleys there are elevated remnants of old channels slightly below the 
level of the plain. They contain deposit^^ of gravel and sand, similar to the material 
transported by the river at the present time. 

These deposits occur u|)on the worn surfaces of Carboniferous, Cretaceous, 
and early Tertiary rocks. Tpon approaching the Tertiary border in southwestern 
Arkansas and eastern Texas these gravel deposits become more abundant and 
tinally come to an end or descend beneath latest Tertiary deposits bordering the 
Gulf coast. Farther toward the northeast these elevated shallow and wide river 
channels lying nearly in the peneplain have been studied and mapped, along 
Canadian and Arkansas rivers, from the western border of the Creek Nation to 
the Arkansas line in Indian Territory. This peneplain stretches westward into 
Oklahoma and northward across Indian Territory. It has a lower inclination 
toward the southeast than the marine Cretaceous plain represented in the Arbuckle 
Plateau. Northward the horizon of the latter plain projects above the land, while 
the former continues nearly flat and is now preserved throughout southern and 
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central Indian Territoiy in almost innumerable level-crosted ridj^es and hills. 
These ridges and hills are supported usually by beds of hard rock, and their crests 
occur at elevations approximating 850 feet. Outside the mountainous regions 
there are few hills which rise above this general level. These are usually table- 
like and are protected by flat and hard strata. 

In the eastern part of Indian Territory the Ouachita Mountains rise above 
this plain, as do also certain isolated mountains in Arkansas Valley. In the 
Ouachita Mountains this peneplain is represented by wide, flat valleys which have 
been produced upon the softer rocks. In Arkansas Valley the mountains 
which rise above the plain are limited areas where the rocks occur in broad, 
synclinal folds containing the harder and thicker sandstone stmta. These moun- 
tains rise above the plain, as monadnock-like eminences and peaks, to elevations of 
1,700 to 2,500 feet above the sea. The wide distribution of the surficial deposits 
connected with old river channels, but slightly depressed below the peneplain, their 
relations to the more abundant gravel deposits near the Tertiary, as already 
described, and the widespread degmdation of th(^ hard and soft rocks to the same 
general level support the hypothesis that the surface nearly reached sea level 
at the time of its reduction to the peneplain stage. 

Recent penephmation in the hvoad valleys, — It would appear that since the 
formation of the probable Tertiary peneplain the land has been tilted slightly 
toward the southeast. In support of this it is observed that the larger streams 
have descended in softer strata to depths approximating 200 feet below the 
general level of the Tertiary peneplain, cutting for themselves wide and flat 
valleys. These w ide valleys may be considered to fonn rudely a lower peneplain 
representing the present stage of erosion. The smaller streams tributary ^to the 
large creeks and rivers have steeper grades, especially toward their sources, and 
occupy various levels between two peneplains. 

STRATIGRAPHY OF THE ARRUCKLK MDL TSTAIXIS. 
IGNEOUS ROCKS (PRE-CAMBRIAN). 

Igneous rocks are exposed in three areas in the Arbuckle uplift. The 
largest of these in the eastern portion is composed, for the most part, of granite, 
of a small amount of rocks related to granite, and of intrusive dike rocks, chiefly 
diabase. The other two areas, which are situated near each other in the western 
part of the mountains, are composed of granite-porphyry and aporh3^olite, con- 
taining also basic dikes. The granite occurs in the extreme southeastern side 
and is partially concealed by the lower Cretaceous sediments which lie across ^ 
this portion of the Arbuckle region. It occurs in a rudely triangular area 
about 20 miles in length and lo miles in width at its broadest pail, near the 
7800— No. 31—04 2 
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western end. It is overlain across the western end and at a few" point^^ upon the 
northern side by middle Cambrian, the oldest stratified rocks of the re^oii. 
Throughout the northern side, with two exceptions, the granite comes in contact 
with the sedimentary rocks along lines of faulting. 

The two porphyry areas occur in th<» Arbuckle Mountains proper, near tlie 
western paii: of the uplift. Like the granite, the poii)hyry upon the western and 
southwestern sides is overlain by the middh* Cambrian sediments, and upon the 
eastern and northeastern sides it comes in contact with the sedimentary rocks along* 
lines of faulting. 

In middle Cambrian time the granites, j)orphyries, and other associated or 
included igneous rocks were (»roded and their materials deposit(Ki as the oldest 
Cambrian sediments, which here rest on them. Their approximate age, however, 
can not be determined further than is indicated b}' their position beneath middle 
Cambrian rocks. 

GRANITE AND A8SCMTATE1) KINEOUS RO(^K8. 

The granite is a reddish or pinkish rock moderate!}' coarse in texture. 
Associated with it are numerous dikes of grav to dark-blue or black l)usic rock, 
besides less numerous dikes of pale-pink to white aplite, and rarely dikes of 
granite-poi-phyry. The.se dikes of l)asic rock penetrate the granite in many 
directions, though the largest number have a l>earing generally toward the north- 
west and southeast. The* surface of the granite is nearly flat and is in large 
measure concealed b}- materials resulting from its own disintegration and by 
residual sands from the Trinity formation, so that it is not possible to loi*ate or 
trace many of the dikes beyond the iiimiediate valleys of the streams where the 
rocks have their best exi)osures. In the (^astern part of the area the basic dikes 
are few in numl>er, though the gmnite is usually so concealed by surficial 
deposits that satisfactory observations could not be made. Toward the west 
these dikes increase in numl)er, until in the vicinity of Tishomingo they are of 
such frequent occurrence and have increased in size so greatly as to form a con- 
siderable part of the igneous mass. In this part of the area they I'ange from 
thin stringers to dikes 40 feet in thickness. 

Quartjc-monzonite has l)een found to occur in association with and apparently 
jis phases of the granite. In some places it has a well-defined boundary, while at 
others it seems to grade into the granite. 

Usually the exposures of the granite are such that its true relation to the 
aplite was not accurately determined. In certain fresh exposures the aplite 
oc(^urs as dikes or stringers penetrating the granite. They are usually but a few 
feet thick, and were not found in association with the basic dike^. 

The granite-porphyiy was found in but two places. It occurs in granite in 
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distinctly delin 0(1 hands. :>o foot wido, tronding toward oaoli othor. It is probable 
that the}' belong to the same dike. The granite-porphyry is cut by a basic dike 
which passes also into the ordinary pink granite. The granites and associated 
igneous rocks in the Arbuokle region have been studied by Mr. Ernest Howe, of 
the United States Oeological Surv(»v. and tlio potrographic descriptions of the 
igneous rocks are from Mr. Howe's report. 

Gran!h\ -The typical granite is in general a biotite-granite, rich in micro- 
clinc and poor in ferromagnesian silicates. Associated with the granite? are 
j>egmatite veins, which contain th(^ same minerals as the granites, ])ut in coarser 
aggregates. The feldspjirs are principally orthoclase or microcline, with plagio- 
clase, albite, and oligoclase almost always associated. Titanito, which oi'curs in 
extremeh' perfect crystals, is. under the microscope, a noteworthy constituent. 
Garnet, also, occurs in some specimens as an important accessor}- mineral. 

^^////•/£-///^>;/^'/>//A. -Quartz-monzonites are associated with the gmnite and 
occur apparently as phases of it. As far as observations could be made, mon- 
zonites occur in small areas. In most places when* this rock was noted the 
exposures are poor and the relations of the rocks could not be satisfactorily 
determined. In all the specimens examined petrographically, plagioclase, ranging 
in composition from oligoclase to labradorite, is almost as prominent as ortho- 
clase or microcline; quartz, usually in the form of pegmatitic intergrowths, with 
orthoclase, is always present, but never in abundance. With these minerals 
biotite occurs almost invariably; in all but two of the specimens hornblende is 
abundant. One of the rocks contains hornblende equal in amount to the plagio- 
clase and alkali feldspar, and is remarkable in its very <'onsiderable development 
of quartz. It is a middle type between gmnite and diorite. P^rom this intermediatej 
t\'pe the ti^.ndoncy seems in the majority of cases to lean toward the side of the 
gninites. One of the specuuens is a nearly pure diorite, consisting largel}' of 
plagioclase, feldspar, and hornblende, with a very little alkali feldspar and quartz. 
These rocks indicate a v(uy interesting series, worthy of more extended study. 

Aplite, — Aplite occurs also in association with the granite in a manner similar 
to that of the diabase. In places the exposures are such that the true relations 
between the aplite and the granite could not be determined. Where erosion had 
removed the disintegrated rock the aplite appears as woll-defined dikes. Speci- 
mens examined petrographically are pale pink or nearly w hite in color, containing 
no ferromagnesian silicates, and composed almost entirely of feldspars and quartz, 
with very little magnetite or hematite. The texture of the aplites is even and 
finely granular. Orthoclase, microcline, and plagioclase are present in all and are 
slightly greater than quartz in amount. 

G^ran/V6?-/x//7>//y/'//.— Granite-porphyry occurs in well-defined bands, apparently 
as dike.s in the common granite. The only exposure of this porphyry noted is 
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ill a small tributary of Roi*k Creek in tho westc^rn side of sec 1. T. 4 S., R. 5 
E. The jrranite- porphyries are tine textured and brick red. The phenocrysts, 
distributed in a dense groundniass, are irreguhir in size and consist of orthoclase, 
quartz, and some dark sili(•at<^s, prol>abh' hornblende, which is now completely 
altered to chlorite and the hydrous oxides of iron. The feldsj>ars and what 
remains of the ferroma^nesian silicat<>s are in large im|M*rfect crystals, while the 
quartz is in very much smaller, rounded and dihexajifonal grains. The groundmass 
is partly a tinely granular aggregate of (juartz and feldspar and parth' a micropeg- 
matitic intergrowth of these two minerals. Magnetite is an abundant accessory. 

Diaha^f^ ^//Xv^. Dikes of diabase are common throughout the granite, but 
increase in abundance from east to west. Near the western end of the granite, 
in the mass northw(»st of '^rishomingo. they are so numerous as to form in placei^ 
a network of sheets and stringers. These dike rocks have considerable variation 
in texture, but are all to be considered as diabase. They vary from dense, fineh' 
porphyritic contact facies to coarse rocks which might almost be considered 
gabbro. Their composition is ^erv uniform. Augite, labmdorite, and magnetite 
are always present; biotite rarely occurs; and in only one instance was olivine 
found, or, more correctly, pseudomorphs of serpentine after olivine. These 
diabase dikes usually weather more rapidly than the granite, and as a result fresh 
specimens in many cases can not be obtained. The secondary minerals — chlorite, 
kaolin, calcite, muscovite, and epidote — are very abundant. In the dense rocks, 
evidently near the contacts, the groundmass, although very fine grained, is still 
distinctly ophitic. Delicate skeleton crystals of magnetite add materiall}^ to the 
felt-like appearance. Phenocrysts are seldom perfect and never large. The 
plagioclase laths average about one millimeter in length. The coarser specimens, 
probably from the central portions of large dikes, show a tendency to assume a 
granular structure, which, however, is never perfect; their structure would still 
Ik* described as ophitic. 

PORPHYRY AND ASSOCIATED IJASIC DIKES. 

The porphyry of the Arbuckle Mountains occurs in two areas, known as the 
East and West Wooded Hills, which rise slightly above the general level of 
the Arbuckle Mountain table-land. These igneous masses have the same relations 
to the surrounding stratified rocks as the granite aV)Ove described. The rela- 
tions are graphically shown on the geologic map (PI. I). These igneous rocks, 
of pre-Cambrian age, consist of granite-porphyrv and aix)rhyolite of various 
shades of pink, red, and brown. In so far as could be determined by a general 
survey the aporhyolite is intrusive through the granite- jx)rphyry. In places the 
aporhyolite, like the granite-porphyiy, is strongly porphyritic and shows large 
dearl}' defined phenociysts of pink feldspar in a reddish and darker fine ground- 
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mas8. In other plac(»s it is even textured, without porphyritic eharacter, and 
shows a })eautit'ully banded structure. In thin sections ii fluidal, vesicular 
structure is shown. The base is generally devitrilied, but certain bandB show 
perlitic structure. 

Like the tjfranite in the eastern part of the uplift, the igneous mass is pene- 
trated b}' numerous dikes of dia)>ase, which are themselves older than the middle 
Cambrian, since s(»dinients of that age rest uncomformably upon them. These 
dike rocks vary somewhat in character and in color, from very dark blue to 
gniy, but in genenil are of the same nature as those occurring in the granite area. 

SEDIMENTARY ROCKS. 

In pre-Cambrian time the region of the A r buckle uplift was submerged and 
the Reagan sandstone, the lowest Cambrian sediment, was laid down upon the 
eroded surface of the granite and porphyry as a beach and off-shore deposit. 
The pre-Cambrian land, composed of igneous rocks, ix)ssessed some relief at the 
time of the submergence, as is shown by the uneven contact of the igneous rocks 
with the Reagan sandstone and also by the variable nature of the sandy deposits. 
The land in the immediate vicinity of the uplift was soon submerged, however, 
as is shown by the presence of fossiliferous horizons repiesenting the same mid- 
Cambrian time in the upper nieml)er of the Reagan sandstone wherever it is 
exposed. 

CAMBRIAN ROCKS. 

Reagan ^sa/uhtone, —This sandstone is a variable formation, as regards l>oth 
its thickness and the nature of its materials. In the eastern part of the uplift, 
in contact with the gmnite, it varies in thickness from a few^ thin beds to 
approximately 5i)0 feet, with an average thickness of al>out 30<) feet. In its 
thickest portion, at the western end of the granite, the lowest beds are com- 
posed for the most j)art of coarse arkose grit. The followitig is a record of the 
thickest section of the Reagan sandstone as it occurs at the western end of the 
granite area, beginning at the base: 

Section, of Renyan »(indfii(yne. 

Feet, 
(^iiartzite ami arkose nm^lomerate, comiK)*?*^! of poorly sorted jrranitir materials IW 

Coarse grit and sand, with some clay an<l green sand in upper part, generally well stratifie<L 370 

Thin-l)edded and laminated san<latone, becoming calcareous in the upper part 60 

This section is followed by generallv thin-bedded siliceous limestone and 
shaly strata through several hundred feet to the top of the middle Cambrian. 
The calcareous beds at the top and above the Reagan contain immerous fossils 
of well-defined middle Cambrian forms. 

The Reagan sandstone overlying the p)orphyry in the southern sides of the 
Elast and West Wooded Hills has a section similar to that in contact with 
the granite. The coarse materials which make lentils of conglomerate near the 
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\nLM\ however, are here comixised of }jor|>hyry and ai-vociated dike rcx^k. In the 
upp**r part of the formation crreeni.^h days are jiro^^aMy more abundant, and the 
green sand rontiniies hijfher up into the more eaIeareou> lied>. As in the occur- 
rence near the j^ranite. here tht- ctilmreous rrn-ks contain numerous middle Cam- 
brian fossils. 

rAMBRO-ORlKA'lClAN WK'KS. 

Arhm^klr Jhn^»*t4nu\ The Arhuckle limt'stont*, with the ex<-eption of thin, 
shaly strata and occasional sili<-eous and cherty IkhIs. i> compared entirely of 
light-blue and white limestone and creauMoloreil to white crystalline dolomite. 
The sexition ranges in thickness from 4jhh» to Hjhhi feet, and includes the whole 
of the upper Cambrian and the Calciferous of the Ordox ician. From the lja*ie 
of the foniiation upward to the top of the middle Cambrian the rocks ai"e 
compo8ed of thin-bedded and. in part, intraformational conglomerate and shaly 
limestones. While pursuing sti'atigraphic field work in connection with the study 
and collection of the fossils. Mr. E. O. Ulrich noted the occuiTence of what 
appeared to l)e shaly lentils at the top of the middle Cambrian, indicating to his 
mind an unconformity lK»tween the upper and lower Cambrian. 

Beginning with the upper Cambrian the rocks are comp)08ed of massive and 
hard, pink to yellow crystalline limestone and dolomite, which weather to various 
shades of brown and almost black. Rocks of this character have a thickness of 
500 to 600 feet, and are followed by lighter-colored massive dolomite and lime- 
stone, without any indication of time interval, up into the Ordovician. Beginning 
approximately 450 feet below the top of the Arbuekle formation the limestones 
become more thinly bedded and are associated with thin and. in places, shaly 
strata. Ver}- near the top occ^asional sandy lieds occur. 

In the maasive beds in the central jwrt of the formation fossils are found, 
but not in great abundance. Near the top, however, where the rocks become 
argillaceous, fossils are more common. Fossils of the following genera, mostly 
undescribed, occur in the upper 1,250 feet of the Arbuekle limestone. 

FomUs of upper jntrtlon of Arhurkif iimestoitf. 



Billingsella, 2 Hf>ecie8. 


Horinotoiiia, 2 s 


Pulytoechia? 


Billinjrsji. 


Stromatooeriuni. 


Troi'homiiia. 


Calathiuin, 2 8i>ecie8. 


OrthoceraH. 


Maclurea. 


Trocbuceras. 


Ophileta. 


I>ei>erditia. 


Ecc^ylioiiiphalufi. 


IwH'hilina. 


Ec<!yliopterutf. 


Priniitia. 


Raphistomina. 


BathyuruH. 


Leiospira (?Helicotoma). 


Isotelus i^analis? 


Eueonia (near E. ramnayi Billin*^). 
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On account of its thickness and its position the central part of the uplift 
of the Arbuckle formation, though generally steeply upturned, occurs over broad 
areais, and forms a large part of the table- land of the Arbuckle Mountains. It 
extends from the southeastern end of the Arlnickle Mountains, where it is over- 
lapped and concealed by Cretaceous strata, to the northwestern end, where it 
passes beneath Penns^lvanian and *'Red Beds" conglomerates. 

OKlH)VI(lAN KOCKS. 

S!mj)i<(m f(r7*fn(tH(pn, — After the Arbuckle limestone wa.s deposited there was 
a general change in the nature of the sediments. The top of the limestone 
seems to have been slightly eroded locally and upon the surface were deposited 
beds of pure sand. At other places the Arbuckle limestone is overlain by shaly 
and impure lime —the basal beds of the Simpson formation. On these local sandy 
beds at the base there were deposited greenish shales and thin crystalline and 
shell}' limestones interstratitied with a number of beds of sandstone, making a 
total thickness mngitig from alx)ut 1,200 to 2,000 feet. P\)llowing is a general 
section of the Simpson formation on the south side of the Arbuckle uplift ^vest 
of Washita Kiver, the beds l)eing given from above downward. 

Section of Smipsmi fontuU'ion (m south side of Arbuckle uplift j west of Washita River. 

Feet. 

1 . Thin limestone with green shales interetratified 400 

In the lower part the limestone in 8iil)crystalline, resembling beds lower in the for- 
mation, while higher it becomes fine grained and argil laeeouy, resembling that of 
the succeeiling Viola formaticm. 

2. Sandstone 90 

3. Limestones and shales interbe<1ded 400 

Some of the limestones are highly fossiliferous: Orthis triceuaria, 0. deflecia, Monti- 
culiporoid Bryozoa, highly ornamented cystid plates, and species of Ctenodonta. 

4. Sandstone 100-200 

5. Shaly limestone 195 

The lower 50 feet highly fossiliferous, containing Ostraeoda with numerous Bryozoa 
and bases of crinoid columns, making a fauna sufficiently peculiar to l>e easily 
di8tinguishe<l. 

6. Sandstone 88 

7. Thin-t)edde<l limestone and shales interstratitied 295 

Contains fossils in great abundance, chiefly Ostracoda of large and small sj>ecies, and 
numerous gasteropmls, i>elecy|)ods, brachiojMxis, and trilobites. 

8. (ireenish shales with few thin limestone layers 245 

Thin sandstone. 

9. Granular crystalline limestone in thin beds 350 

Contains an abundance of Ostnu'oda (Lepn-ditin <-hiefly) an<l other fossils so rare as 
to api>ear wanting. 

10. Thin limestone and shales interstratifie<l with <K'casional thin sandstone 29 

11. White to light-brown sandstone, occurring locally 0-100 
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The sandstone bed Xo. 4 in the section is more jx^rsistxint in its character- 
istics, inchiding thicknc^ss, than the others, and serves as a convenient datum for 
reference. It also separates the formation into two divisions of nearly equal 
thickness. 

In the northern jx)ition of the region, and (\spi>cially on the northern side 
of the Arbuckle Mountains west of WashitJi River, the Simpson formation is 
found to be nuu'h thiniu^r than in the southern portion. This is due chiefl\^ to the 
absence of the lowest beds, which have an aggregate thickness of several hun- 
dred feet. The upper division of the formation is foimd to become thinner 
northward, owing to the decrease in tln^ quantity of lime and clay. With the 
decrease in amounts of lime and clay northward th<»re is a general increase in 
the abundance of sand, the whole formation becoming more siliceous. 

On the northern side of the region the Simj)S()n formation is exposed much 
farther east than on the southern side, where it is found in its typical thick- 
ness and consistency. Near the east <Mid, in the valWs of Blue Riv^er and 
Delaware Creek, the structure is so variable that accurate estimates of thickness 
could not be made. It is approximately 1,200 feet thick, and the sand is 
n'latively mor«» abundant than in the northern part of the Arbuckle Mountains 
farther west. In all places noted the sand is tine grained, and in many (-ases 
is completely s(»parated from clay and lime sediments. 

The Simpson formation contains a very abundant fauna. Large collections 
of fossils were made by Mr. Klrich, especially from the district west of 
Wjishita River. Only a j)reliminary study of this fauna has been made, but it 
is sufficient for accurate classification and genenil correlation. Below ai-e lists 
of readily r(M-ognize<l forms, separated according to the two divisions of the 
formation. 

FoHxilx it/ lotirr Shuju^on juj'inatloii. 

IMaUf* ot (!ysti<lian (? (ilypUM-vstitej*). Biiniiiolla sj*. uii<ietermine<l. 

J^iphonotri'ta s^p. nn<leteriniiUMl. Machirea sp. undeterinined. 

Crania yp. n«»v. K<cylioi»teriiH sj). un<let<irinined. 

Orthis costata. I^p<*nlitia np. near fabulites. 

Orthis ( l^alnmnella) pojroniix'nsin Waloott. I^penlitia bivia White. 

Orthi}^ sp.? nov. (near Imlstoni Saffonl). Ix»penlitelia of several iindetermine<l 8i)eeie8. 

Ctencnlonta sp. nov. (of (\ na^iita ty|)ej. Thi.s division 1h particularly characterized by 

Ctenoiionta hip. nov. (lar^e, ovate Hi>iH*ie.s). thej*e ().»<traco<la, many of the limestone layers 
(\vrtodonta s[>. undetermine<l. , l>einj; crowded with large and small speciee. 
Miwliolopeis s]>. nov. I Bathynrun sp. undetermined. 

Mo liolopnin sp. nov. CerauruH of two undetennine<l 8pe<Me8. 

Hucania sj). undot. (.«rnall, with flat dorsum ). Ainphion nevailensip? Walcott. 
Bucania sp. iindet. ( larger, with sulx-arinate 
dorsum). 
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Foxffih nf npptrr Simpfon formation. 

[Most of these species known only in liie upper JOO feet. Those <H'Currinff als4> in the lower part of the subdivii^ioii 

are distinguishe<l by an asterisk.] 



RtH'eptaoiilites sp. nov. 

Protarea sp. nov. { maHsive-laniinar form). 

ArchjLHMTinns sp. undetermined. 

Platyeystites (?) pp. nov. 

Amygtialoeystites sp. nov. 

(tlypUx'ystite.^^ sp. nov. 

* Numerous montifuliporoid Bryozoa. 

Stomatopora proutana-|>ertenuis Ulri<*h. 

Phylloporina sublaxa I'lrich. 

Kliini<lietya ni<'liolsoni ririch. 

Arthrocleina sp. n(>v. 

Paohydictya el. foliata (Irieh. 

Lingula coburgensis Billings. 



*Orthis tricenaria Conrad. 
*Dalmanella }>erveta Conra<l. 
* Dinorthis near |)ectinella Emmons. 
*0rthi8 (? Dinorthis) deflecta Conrad. 
Urthis (? I)in(»rthis) sp. nov. 
Heln^rtella hellanigo.'^i Conrad. 
Tripleeia sp. nov. (striate<l). 
Zygoypira (Hallina) nirojleti W. and .S. 
Zygospira (Ilallina) sj). nov. 
Clionychia lainellosa Ilall. 
('tenoilonta contraeta Salter. 
Eurymya plai)a Hall. 
Tetran(jta ol)snU^ta ? Ulrich. 



Schizamlwn (? Siphonotreta) minnesotensis 11. ; Pterotlieea attenuatii Hall. 



and C. 
Crania granulosa Winchell. 
Craniella ? ulrichi Hall. 
Pholidops trentonensis HaU. 
Plei^tambonites sericea (Stones Kiver variety). 
Strophomena filitexta Hall. 
Rafinesquina minnesotensis Winchell. 
Scenidium anthonense Sardeson. 



Ampyx sp. undetermined. 
Harpina sp. un(letermine<l. 
Platymetopus sp. nov. near bicornis ririch. 
Platymetopus sp. nov. near cucullus M. and W. 
Pterygometopus near si'hmidti Clarke. 
Numerous un<letermined small ()straco<la of the 
families Cypridie and Beyrichiidte. 



The fnuim of the lower division of the Sini])soii foniiation is decidedly similar 
to that of the C/huzy of Xcw York and Canada and of the Pogonip formation of 
Nevada. Considering these east-and-we.st connections, it is surprising to note 
that the lower Simpson fauna, so far as known, contains none of the prolitic 
fauna of the lower division (Murfreeshoro limestone) of the Stones Kiver group in 
middle Tennessee, which is believed to he of equivalent age. As a whole, the 
faima of the upper part of the Simpson is closely related to the ui)per division 
of the Stones River group in Tennessee and Kentucky and the equivalent beds 
in the upper part of the Mississippi Valley. 

y^io/a Itmrsttmi^, — There is a gradual tninsition from the top of the Simpson 
formation up into the basal part of the Viola formation. The top layers of the 
Simpson are usually argillaceous, are thinner, darker, and more evenly stnititied 
than those at the base of the Viola, and in places contain partings and beds of 
clay. The rocks at the contact on each side, however, vary somewhat in different 
parts of the tield. . 

The Viola formation is a continuous but slightly variable de|X)sit of lime- 
stone 5(K) to Too feet thick, which usually appears massive on very fresh expo- 
sures. Upon weathering, however, the bedding is pronounced, showing layers 
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rarely more than a foot in thickni^ss. In the middle and lower part^ especially 
there are occasional hands and ncKkilar masses of chert. 

The Viola limestone is divisible into three meml)ers, distinguished by varia- 
tions in bediling, in t<»xture, and to a less extent in the color of the limestone. 
The upper and middle members are approximately 300 feet thick. The lowest 
member is somewhat thinner and more variable than the others. The lowest 
memlx'r ronsists of licrht-colon»d, coarse-textured, and usually roughly bedded 
limestone. It probably will not exceed 100 feet in thickness anywhere, and in 
places is nuich less. 

The middle member consists of white to light-blue and generally even- and 
thin-bedded limestone. On account of the abundance of fossil trilobites of the 
genus Trti)urJ*'H,<t in certain layers it might be known as the Trinndeu^ meml>er. 
It is characterized by white surface where weathered and even bedding. - 

The highest member resembles in part the lowest in essential physical char- 
acters. In its lower part the beds are thicker, more earthy, and more uneven 
than those of the middle ^mrt. In the middle pait the beds are thin and more 
argillaceous. The limestone at the top of this member resembles very much the 
lowest beds in character of bedding. It is more crystalline and usually lighter 
in color, being light gray and occasionally pink. 

On the whole the Viola limestone varies but slightly in thickness ana gen- 
eral characteristics throughout its occurrence in the Arbuckle Mountain region. 

An investigation of the fossils by Mr. Ulrich, who collected and studied the 
rock section, shows that there are three faunal divisions, which correspond to the 
three lithologic members above described. The most fossiliferous development 
of the basal member was noted at the extreme northern occurrence, in the region 
at the base of Double Mound, rt miles northeast of Roif. A preliminary study of 
the fossils collected shows the following- named forms: 

Fossils of lower member of Viola limestone. 



Streptelasma profundum var. 
Tetraditiiii columnare Flail. 
Ilouiotrypa intercalariH Ulrich. 
Bythopora 8ul>jrraciliH Tlrich. 
Phyllopt>rina reticulata Hall. 
Rhinidictya mutabilis ririch. 
Khinidictya luutabiliH major Ulrich. 
Ktfcharopora 8ubrt*cta I'lrich. 
Phienopora incipieiis ririch. 
Arthropora bifurcata Ulrich. 
Plectainbonites nericea var. 
Strophomena filitexta Hall. 
Rafinej!K^uina deltoidea Conrad. 
Dalniaiiella haniburgensis? Walcott. 



Dinorthia pectinella Hall. 
Platy atrophia sp. uudetermined (gmall). 
Khyiichotrema increbescens HalL 
Zygoapira recurvirostria Hall. 
Vanuxeraia gibboaa Ulrich. 
Technophonis aubacutos? Ulrich. 
Cyrtolitea retrorsua Ulrich. 
Protowarthia pervoluta U. and 8. 
Lophoepira bicincta Hall. 
Strophostylus textilia U. and S. 
Ilolopea obli(iua? Hall. 
Pterotheca attenuata Hall. 
Bumaatua trentonenais £mmon8. 
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Nearly all of the above fossils occur in the Phyllopnntia and (^Utamhiniites 
beds of the Ordovician section in Minnesota. These beds are correlated with 
latest Black River and earliest Trenton. Many of the species occupy these 
horizons in New York and Canada and what are regarded as equivalent positions 
in middle Tennessee and Kentucky. 

As a whole the middle member or Trhntcleus Ijcd of the Viola limestone 
is not abundantly fossil if ero us. The organic remains occur chiefly in three hori- 
zons, one near the biuse, another above the middle, and the third near the top. 
The first and second contain an abundance of graptolites. Next to the Trinncleus 
the graptolites are the most characteristic and conunonest fossils of the middle 
member. 

FoHsU^ of )niddle member (Trinuclemt beds) of the Viola Umei4uiie. 

Diplograptus pristin? Hall. i Trinuoleua coiR-entricus Eaton. 

Climacograptus typicalis Hall. I Triniicleue np. iindoteniiiiied. 

Schizotreta iiiinntula W. aud S. I Proetiu^ |)arviiiscnluH var. 

Conotreta, np. undetermined (? nieti AValcott). Pterygouietopus (near callicephalus Hall). 

Rafinesquina deltoidea Conrad. N ileus vit^ilans Meek and Worthen. 

Conularia trentonen^is Hall. I 

These fossils indicate that the Trinncleus beds were deposited during the latter 
half of the Trenton age. 

The upper member of the Viola limestone is approximately 800 feet in thick- 
ness, but only in the upper 25 feet is it abundantlv fossil if erous. The lower 50 
feet yielded no fossils. In the middle portion the fossils are not onl}^ rare, but 
poorlj' preserved. The fossils in the following list occur only in the upper 50 
feet of the formation: 

FossiU of %ij)])er meinher of Viola limeitone. 
Bead-like joints of the stalk of an undescribed Orthis kankakensis sweeneyi WinchelL 



crinoid or cystid, one-quarter inch in thickness. 
Pachydictya gigantea Ulrich. 
Ptilotrypa obliquata Ulrich. 
Plectambonites sp. nov. (with denticulate hinge). 
Strophomena wisconsinensis Whitfield. 
I^eptiena unicostata M. and W. 
Rafinesqu'ua sp. nov. (near camerata). 



Dinorthin subquadrata Hall. 
Dinorthis proavita W. and S. 
Hebertella insculpta Hall. 
Dalmanella macrior Sardeson. 
Platystrophia acutilirata Conrad. 
Rhynchbtrema capax Conrad. 
Parastrophia divergens H. and C. 



These are all species characterizing the upper divisions of Richmond age in 
Minnesota, Wisconsin, Illinois, Indiana, and Ohio. In northern Arkansas the 
same fauna occurs in the Polk Bayou limestone and in middle Tennessee in the 
Fernvale formation. This is one of the most widespread horizons, and certainly 
the easiest to recognize, of the Ordovician rocks. 
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SIIX'!{IAN KOCKS. 

Sylvo)) fi/id/r, — The Sylvan shale and the siKreeclinjr Hiinton Iniiestone are 
comparatively thin foiinations, and hocaiise of their narrow outerop they are 
neeessarily mapped together. While th<\se formations present strong contrasts, 
lithologically they belong to the same system. 

The nearly pure lime deposits laid down at the close of Viola time were 
succeeded by dark-blue to l)lack and green clay in apparently eonforniable 
succession. The deposition of the greenish Sylvan >hale continued without 
interruption until it reached a thickness of from ^^) to 3()o feet, when it was 
succeeded abruptly by the Hun ton limestone. 

The Sylvan shale increases gradually in thickness westward. At the east 
end of the uplift its thickness is estimated to be ♦>(► feet, while west of Washita 
River it is approximately i^oo feet. Being a soft clay shale and bounded abov<* 
and below by hard, ridge-making limestone, it invariably makes smooth swales or 
valleys, which are protected by forests. As a residt fresh ex^wsures of the rocks, 
especially at the contact with adjoining formations, are rare. 

Onl}' one (exposure of the shale at its base was noted; this is about 2 
miles ' "* " - '*"' I ' ' 'f— ^ — ^ ^ Mi i ^" i f — ^^-"" the base upward through 

■ several feet the rock is a compact, dark-blue to black calcareous and bituminous 
shale, containing aji abundance of graptolites and shells. Elsewhere in the shale 
fossils are exceedingly rare. This basal bituminous shale is harder than the 
suc<*eeding greenish shale and is distinctly stratified. The greenish shale higher 
in the formation is homogeneous and massive and shows usually but slight 
indication of lamination, particularly on weathering. 

A preliminary study of the fossils occurring in the dark basal shale shows 
the following forms: 

Fossils of the lower part of the Sijlvaii shale. 



Diplograptiw sp. uiuleteriniiied. 
Climacograptus sp. near typifalis. 
Leptograptui? sj). iiiuietermine*!. 
Lingula; short, obtuse fonn. 
Lingulops? sp. iiov. (platform obsolete). 
Leptobolus sp. near insigni^>. 



Leptobolus? sp. nov. (has six strong radiating 

plications). 
Conularia sp. nov., with surface sculpture very 

similar to that of the Trenton C. jwtpillata Hall. 
ConodontH of forms resembling those referred by 

Hinde to Prion i<xi us and Polygnathus. 



The fauna of the Sylvan shale as far as known is generally remarkably 
similar to that of the Utica. The specific differences, however, are such a^ to 
distinguish them; yet a studj' of the fossils convinces one that the fauna of the 
Sylvan is a direct development from the much older fauna of the Utica shale 
and not of the intervening faunas of the Cincinnati group. From this evidence 
it would seem that the p)osition of the Sylvan shale in the time scale is problem- 
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atical. The highest known fauna of thc^ Ordovician, that of the Richmond group, 
occui's at the top of the \'iola limestone, beneath the Sylvan shale, and the Clinton 
occurs immediateh' alx)ve the Sylvan, in the ])ase of the llunton limestone. Accord- 
ing to the present classification . therefore, the Sylvan shale should })e correlated 
with the Medina, and the line separating the Onlovician and Silurian in the Arhuckle 
Mountains should be placed between the Viola limestone and the Sylvan shale. 

SILriJO-DEVOMAN ROl'KS. 

Hunton limestone, — The green clay shales of th<» Sylvan are succeeded 
aJl)ruptly by hard, white to light-blue limestone of the Hunton formation. 
Usually the contact rock at the base of the llunton is a massive bed of oolitic 
ih«estone. Locally hard bluish limestone beds are foimd at the base, with rarely 
a thin layer of breirciated limestone or limestone conglomenite in contact with 
Sylvan shale. At the eastern end of the Arlaickie uplift the thickness of the 
Hunton limestone is estimated to be about l<)0 feet. It increases gradually 
westward on the northern side of the uplift, until it reaches nearly 2(M) feet in 
the vicinity of F'ranks, where it is concealed by ovt^rla}) of Coal Measures con- 
glomerates. On the southern side of the uplift, east of Washita River, the 
formation thins out and is absent for a distance of about 10 miles. Where 
it is thinnest the beds are more or less siliceous. Farther west, beyond 
AVashita River, the formation increases until it is nearly 300 feet thick on the 
southern side of the Arbuckle Mountains where it passes beneath the "'Red 
Beds'' conglomerate, northwest of Woodford. On the northein side of the 
Ar])uckle Mounbiins south of Washita River it is about ITo f(»et thick. 

The Hunton formation is composed of hard, thick crystalline limestones, thin 
earthy limestone, and marls. It may be separated into three fairly distinct 
members according to lithologic characteristics, and to a less extent according to 
color. Except where the formation is very thin, as on the southern side of the 
uplift east of Washita River, the three members can alwa3s ])e distinguished. 
An average section of the formation on the south side of the Arbuckle Mountains 
west of Washita River is approximately as follows: 

Section (if Hunton VnneHtone. 

rri'ER MEMBER. 

Feet. 
Seniicrystalline limestonee, in places clierty, interatratifitMl with oc-fa*«i(>iial thin marly 

layers 30 

MIDDLE MEMBER. 

Marly liuie^itones and calcareous rlay^, with sonie hanl limestone hiyers, more ahnndant in 
the lower part 170-190 
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LOWER MEMBER. 



Thick-be<i<led <Ty>4alliiie limestone HU<'('ee<le<l ]>>• hani tliiii limestone with <KTaflional marly 
layers. At the )}&**& of this limestone is an oolite, 4 to o f«»et thick, which locally is 
siiicified 35-40 

The upper nieniber contaiDs locally, at the top, beds of crystalline and very 
cherty and flinty limestone. While the thickness of the formation })ecomes greater 
westward, that of the individual members does not increase in the sjime propor- 
tion, as the greatest variation in thickness of the formation is due to the middle 
memlKjr. AVest of Washita River the upper meml>er has a thickness of 10 feet 
on the northern side of the Arbuckle Mountains and 30 feet on the southern side. 
East of the same river it increases northward from a thin bed on the southern 
side to 35 feet on the northern side of the uplift near Franks. 

The lithologii! differences by which the members are distin^ished are accom- 
panied by faunal changes which afford a basis for age distinctions. The more 
massive crystalline beds in the lower part of the basal member, ranging in thick- 
ness from a thin bed to 25 feet or more, conhiin the following forms, which are 
distinctly Clinton. The four Biyozoa and the Tviplevla iyrtmil are characteristic 
of the Clinton limestone of Ohio, and their horizon occurs in the St. Clair lime- 
stone of northern Arkansas. 

Fitm'd» of the lower inenilter of the Ilimton formntiim. 



Favosites favosus (Tol<ifu8s. 
Rhinopora verrucosa Hall. 
Phicnopora magna Hall and AVhitfieki. 
Pachydictya bifurcata (Van Cleve) Hall. 



I Ilemitrypa ulrichi Foerste. 

; Orthis flabellites Hall, var. 

I Triple<*ia ortoni M-eek. 

I Atrypa niai-ginalis Daluian. 



The hard thin limestone beds in the upper part of the basal member contain 
the fossils listed l>elow, which indicate Niagai-a age. 

Fomln of tJie upper layers of the lower member of the Ilnnton formation. 



Thecia swinderiana Roeiner. 
Orthothetes subplanus Hall. 
Atrypa reticularis var. 
Platyceras niagarense Hall. 



j Strophostylus cyclostoniuH? Hall. 

I Ortho<^era8 sp. undetermined; very slender. 

I Oalymene niagareneis Hall. 



The middle member of the Hunton limestone as a whole is abundantly 
fossiliferous, the Cmnarofrrimis horizon especially, near the middle of the member, 
being remarkably jjersistent. The fossils listed below are some of the easily 
recognizable forms: 
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Fossils of the middle memher of the Ifunton formation. 

Streptelaama waynense iSaffonl. I Spirifer cycloi)teru8 Hall. 

Favoeites conicus Hall. Anatitrophia vt^rneuili Hall. 



CamarcKjrinus iilrichi Schuchet. 
Cainarocrinus stellatiis Hall. 
Orthostropllia Htrophomenoides Hall. 



< Jypulula galeata Dalman. 
Ren&Molaeria atHjuiradiata (-oiirad. 
Khynchospira forniosa Hall. 



Dalmanella subcarinata Hall. MerisU'lla anuata Hall. 

Khipidomella oblata Hall. I Megainbonia lata Hall. 

Bilobites varicus Hall. I Ortlioceras rude Hall. 



Strophonella punctulifera Hall. 
Strophodonta varietriata. 
Uncinulus nucleolatus Hall. 



Dalinanites pleuroptyx (Jreen. 
Phacop.<5 logani Hall. 
Pharop8 hudsonicus Hall. 



Delthyrifl perlamellosuH Hall. I Proetiis pr()tiil)eran.s Hall. 

With a list of species like the above there can be no question an to the 
Helderbergian age of this member of the Hunton formation. 

The uppermost member of the Hunton formation is probably lower Oriskany 
in age and equivalent to the Camden chert of Tennessee. The fossils secured 
from this member are not now at hand, so it must suffice for the present to say 
that they consist chiefly of Gasteropoda and large crinoid columns. According to 
the classitication of the Paleozoic rocks at present in vogue, this member should 
be called Devonian, but it is so intimately united, both faunally and structurally, 
with the underlying Helderberg member, that, for this region at least, it would be 
doing a violence to the natund classification of the rocks to draw a line of systemic 
importance between them. According to a cla^ssification taking into account both 
the life history and structure of the strata, this divisional line should be drawn 
either between the flinty beds at the top of the Hunton limestone and the base of 
the black shale and chert of the overlying Woodford formation, or l>etween the 
Niagara and Helderberg members. In the latter case the lower member only would 
be Silurian, and the two upper members Devonian. 

DEVONIAN ROCKS. 

WiMxiford chrt, — Excepting the flinty Oriskany limestone occurring locally at 
the top of the Hunton limestone and possibly the Helderberg meml)er of the 
latter, Devonian rocks in the Arbuckle region are limitc»d to a single formation 
of chert and black shale, known as the Woodford chert. While this chert is 
apparentl}'^ conformable with the limestone below in aiw single locality, it appears 
that this is not true in a broad sense. The Oriskany beds at the top of the 
Hunton limestone, consisting of several feet of cherty limestones, are present 
in one place but do not occur in another. In the northeastern part of the uplift, 
notably near Franks, cherty limestones are present at the top of the Hunton. 
Near the western end of the uplift, on the southern side of the Washita Valley^ 
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this upper member of hard limestone is absent and the thickness of the en i ire 
formation is reduced to a little over 100 feet. In all places there is an abrupt 
change in sedimentation from the top of the Hunton limestone to the chert or 
shale of the Woodford formation. 

The Woodford chert has an estimated average thickness of 650 feet It varies 
somewhat in lithologic chanicter. In places massive chert rests upon the lime- 
stone; in other places black shale occurs at the base of the formation. As a 
rule, however, the formation ])ecomes less chertv from the base upward. It i.s 
usually even bedded, occurring in layers from a few inches thick to thin lamina'. 
In places, especially in the northeast side of the uplift, the formation is composed 
almost entirely of thin, fissile, siliceous and distinctly bituminous black shale. In 
this part of the region, a few miles west of Hunton, lentils of almost pure flints 
were noted interstratified with the black shale near the base. In the western 
part of the region bluish shales were seen interstratified with the black shale in 
the upper part of the formation. At various ^wsitions in the section, especially 
in the more chertv beds, are small, rounded, marble-like concretions of a cal- 
careous nature. In places there are large segregations of a similar character, 
concentricall}' banded, which occur intersecting several layers of chertv shale. 

The AVoodford chert is present throughout the Arbuckle region wherever its 
horizon reaches the surface. In the southern part of the uplift massive beds of 
Sycamore limestone occur alx)ve it, and the equally prominent Hunton limestone 
beneath it, and since these rocks are steeply tilted the Woodford chert crops in 
gullied valleys and rough hilly land between the prominent ridges of limestone. 
Elsewhere it occurs as gullied slopes and rough woodland bordering Hunton 
limestone ridges. 

Fossils are very rare in the Woodford chert, and those found are not well 
preserved. In the lower part of the formation in the western part of the region 
a small Lingula of the type Z. Hpatnlata Hall and a few conodonts have been 
observed. In the shales of the upper part the only recognizable fossils seen are 
two concentricall}- plicated species of Prodiwtdla, one of which seems referable 
to P, concentrica Hall. Fragments of fossil wood were found on the surface in 
many places, but with one exception it could not be determined whether they 
belonged with the chert or with the Cretaceous beds which are considered to 
have extended over the region. In one instance, however, in the southern side 
of the uplift northwest of Norton, a tree trunk approximately 15 inches in 
diameter was found embedded in the chert in the lower part of the formation. 
The chert here is steeph' upturned and the fossil tree rests parallel to the lied- 
ding. Thin sections of the wood have been studied microscopically by Mr. David 
White, of the United States Geological Survey, and determined to belong to a 
species of Dadoxylon^ a form common to the Devonian. 
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This formation is believed to be of the age of the Chattanooga formation of 
Tennessee, the Ohio shale of Ohio, and tlie Portage and Chi^muiig of New York. 
At the top it doubtless includes strata corresponding in age with the Noel shale 
of northern Arkansas and the basal shale of the Tullahoma formation of Ten- 
nessee, which are believed to be of Kinderhook age, or, according to the present 
classification, earliest Carboniferous. 

At present it is not possible to determine the exact parting between the 
Devonian and Carboniferous, since there is no clear stnitigraphic distinction in 
the shales, and fossils are rare. 

CAKBOMFEROUS ROCKS. 

MISSISMIPPIAN SEDIMENTS. 

Sedimentation continued through lower Carboniferous time without apparent 
cessation. AVith the exception of a limestone lentil occurring near the base on 
the southern side of the Arbuckle uplift, the whole section of Mississippian rocks, 
approximately 1,600 feet thick, consists of black and blue clay shales. The black 
shales contain argillo-calcareous ai.d limestone concretions and segregations, and . 
the blue shale carries small ironstone concretions, occasional local sandstone strata, 
and small lime septaria. 

Sycamore limesto7ie, — The limestone outcrops very near the base of the Carbon- 
iferous throughout the southern side of the uplift. It occurs also on the northern 
side of the main Arbuckle Mountain and extends eastward into the centml 
part of the uplift almost to the gmnite. It is mapped and described in the 
Tishomingo folio under the name Sycamore limestone. This rock is a light- 
bluish to yellow and probably argillaceous massive limestone. Upon weathering 
it separates into thin beds, a foot and less in thickness, and changes to shades of 
yellow. Near the extreme western end of the Arbuckle Mountains it has a thick- 
ness of nearly 200 feet. Near Washita River in the central part of the Arbuckle 
uplift the limestone has a thickness of about 50 feet, but it thins out eastward 
near the granite in the northeast corner of T. 2 S., R. 3 E. Elsewhere in the 
uplift, toward the northeast, it is absent or represented by local thin siliceous 
limestone strata at the top of the Devonian chert. No fossils have been found in 
this limestone. 

Caney nhale, — The remaining Mississippian strata above the limestone are 
mapped as the Caney shale in the Atoka and Tishomingo folios. This formation 
consists in the basal part of black bituminous clay shale containing limestone and 
argillo-calcareous segregations. This black shale grades upward into bluish shale 
containing small clay ironstone concretions and occasional lime septaria. The 
7800— No. 31—04 3 
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whole formation is estimated to be al)out 1,000 feet thick. The limy concretions 
and segregations in the black shale in the lower part of the Caney formation 
contain a number of fossil shells. The fossils of the Caney shale were collected 
and studied b}- Dr. (i. H. Girt}', who concludes that the fauna is peculiar and 
that man}' of its species are new. Associated with a species of Ltioi'ynchuH resem- 
bling Z. quadrlcoHtafutn^ and a small undetennined Ptrndimomt/a^ which at certain 
horizons is extremely abundant, are found PrtHluctui< hlrsutlfonniii^ Semhnila sp., 
and a number of Goniatlttn^ related to G, stthcircNlari\ O, crenistri<i^ G, Btriatu^^ 
and GiiMriiwera^ kuKjL The age of this fauna can prolmbly safely ])e placed as 
post-Devonian, and evidence thus far obtained is favorable to correlating it with 
the upper portion of the Mississippian series. 

PEXXSYLVAN'IAN HRDIMKXTH. 

Franks conglomercUe, — At the close of the Mississippian epoch the Arbuckle 
region, especiall}' the western part, was uplifted into land and remained so during 
a large part of Pennsylvanian time. In the western part of the uplift the 
sediments from the top of the Mississippian well down into the Ordovician, and 
probably to the Cambrian, were subject to erosion, and lower Carboniferous lime- 
stone conglomerates derived from them were spread across their worn edges. The 
westward extension of these older rocks, now concealed unconformably bj' the 
lower Cariboniferous and *'Red lieds" (Permian) conglomerate, most probably 
formed the larger part of the uplift, since the lower conglomerate especially 
increases both in volume and in coarseness westward. The Carboniferous conglom- 
erate varies greatly in thickness as well as in coarseness of materials. In the 
western part of the region the conglomerate with associated shale and sandstone 
is many hundred feet thick. On the northern side of the uplift it decreases 
in thickness eastward, and changes from complete unconformity upon the edges 
of the Mississippian, Devonian, Silurian, and Ordovician strata to apparent 
conformity above the Caney (Mississippian) shale. In the Tishomingo folio this 
conglomerate is mapped in detail and described as the Franks conglomerate. 

Wajxuuichi limeHtone. — From the vicinity of Franks southeastward the Franks 
conglomerate rapidly decreases in thickness and coarseness, giving place to lime- 
stones, sandstones, and shales. At the northwest corner of the Atoka quadrangle, 
north of Hunton, is a thin oolitic limestone which is believed to represent the 
Franks conglomerate, in part at least. This limestone has been mapped here 
and farther east, and is described as the Wapar.ucka limestone in the Atoka 
folio. It is the lowest Pennsylvanian sediment known in Indian Territory. Tliis 
limestone continues eastward beyond the limits of the Arbuckle uplift, increas- 
ing in thickness to nearly 400 feet in the central part of the Choctaw Nation. 
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Still farther eastward it (leca'eases and comes to an end near the Arkansas-Indian 
Territory line north of the Ouachita Mountain range. 

Sandstone^ shale^ and coah — Above the Wapanucka limestone and the Franks 
conglomemte, northward from the eastern part of the Arbuckle uplift, known 
Pennsylvanian sediments aggregate a thickness of 10,000 to 11,000 feet. The 
rocks of this section, comprising many formations of the sandstones and shales, 
have been mapped in detail and described in the Coalgate and Atoka folios. 
The lowest coal-bearing rocks occur approximately 3,000 feet above the Wapa- 
nucka limestone, and outcrop in the extreme southeast end of the Choctaw 
coal field, against the east end of the Arbuckle uplift. These rocks consist 
entirely of sandstones, shales, and coal. The coal-bearing strata comprise approxi- 
mately 3,000 feet of sandstone and shale, with eight to ten workable beds of coal, 
besides many thin coal seams. These rocks outcrop across the Choctaw Nation 
and northward to Kansas. Continuing westward these Coal Measures rocks, 
especially in the lower part, are overlapped unconformably and concealed by the 
later "Red Beds" of the late Pennsylvanian and Permian. In the same direc- 
tion the coal seams become thinner and decrease in number, so that no coal of 
importance is known west of the vicinit}' of Stonewall, north of the central part 
of the Arbuckle uplift. 

The Pennsylvanian deposits south of the Arbuckle Mountains differ consid- 
erably from those north and east of the uplift. They occur only south of the 
Arbuckle Mountains proper, being concealed by overlap of the Cretaceous rocks on 
the east and south, and of the "Red Beds" on the west. They consist of shales, 
sandstones, thin limestones, and limestone conglomerate. Unlike the rocks of the 
same age north of the Arbuckle region, the thick deposits of limestone conglom- 
erate do not occur at the base, but are found at various positions in the section 
up to the coal-bearing strata in the vicinit}' of Ardmore. These limestone-con- 
glomerate beds are relativel}' thin and appear as lentils interbedded with shale 
and limestone. Coarse conglomerate deposits occur in contact with the older 
rocks in the north side of the Criner Hills southwest of Ardmore. On account 
of the excessive folding the thickness of the Pennsylvania!! sediments in this 
district can not now be estimated. 

PERMIAN? 

''''Red Bed^y — Rocks of very late Pennsylvanian or early Permian age have 
been deposited across the western end of the Arbuckle uplift. The unconformity 
of these sediments with the lower rocks in the western part of the uplift has 
been discussed under the heading "Physiography." They lie in a nearly flat 
position across the eroded edges of several thousand feet of the Pennsylvanian, 
all of the Mississippian, Devonian, Silurian, and a large part of the Ordovician 
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rocks. Those older formiitions were sharply folded and eroded prior to the 
depovsition of the •'lied Beds." 

Near tlic ))ase the '"Red Beds" deposits consist of local limestone conglomerate 
conijwsed of well-worn limestone i)ebbles in a calcareous and usually red clay 
matrix, red and bluish clays, grit, and sand. The limestone conglomerate occurs 
onl}' above and in the vicinity of the Silurian and Ordovician limestones and 
Carl)oniferous limestone conglomerates from which its limestone pebbles were 
derived. Westward, away from the source of the deposits, the limestone 
conglomerate changes gradually to a bed of massive, tough argillaceous limestone. 
In the vicinity of the outcrop of the Devonian chert a large jmrt of the basal 
deposits of the ''Red Beds" consists of fragmental chert, sand, and clay. Above 
the Carboniferous strata of sandstone and shale the ))asal deposits are comi>osed 
of gritty sandstone, sand, and bluish and red clay. 

These ''Red Beds" deposits are exposed on the plain from the Arbuckle 
Mountains westward to and around the Wichita Mountains, and are described more 
fully in the disciLssion of the geology of the Wichita Mountains (pp. 72-76). 

CRETACEOUS ROCKS. 

The relations of the Cretaceous sediments to the older rocks of the Arbuckle 
region have been explained under the heading " Physiograph}- of the Arbuckle 
Mountains" (pp. 13-16). The Cretaceous rocks rest upon a nearly flat floor, slightly 
imdined jiouthward from the southern edge of the Arbuckle region. The basal 
formation of the Cretaceous is known as the Trinity. It has a thickness approxi- 
mating 240 feet and consists of sand with local conglomerate at the bottom. The 
Trinity sand is followed by a nearly pure limestone formation, 20 to 30 feet in 
thickness, known as the Cioodland limestone. Succeeding the purer limestone there 
are blue clay marls, white limestones and marls, ferruginous clays with thin shell 
limestones, and finally a thin fossiliferous limestone at the top of the lower 
Cretaceous. These formations, known as the Kiamitia clay, Caddo limestone, 
Bokchito formation, and Bennington limestone, respectively, aggregate nearly 
H40 feet in thickness. Each is conformable with its contact formations, and all 
dip toward the south- southeast at a grade approximating 40 feet to the mile. At 
the close of the lower Cretaceous the sediments were lifted above the sea, but 
not folded. Slight erosion was followed by depression and the deposition of 
the extensive ferruginous sand and clay which constitute the basal formation of 
the upper Cretaceous. This basal formation of the upper Cretaceous is known 
as the Silo sandstone, and is in part at least of Dakota age. These Cretaceous 
formations have been carefully mapped and are described in detail in the Atoka 
and Tishomingo folios. South of Ked River above the Silo sandstone is a thick 
formation composed of blue clay shales. These are succeeded by white, chalky 
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limestones, and these in turn by blue marls, whidi extend to the top of the upper 
Cretaceous in southeaiitorn Choctaw Nation and northeastern Texas, beyond the 
limit of the area shown on the accompanying map (PI. I). 

STRUCTURE OF TUE ARBl'( Ii:T^K MOUXTAIX8. 

In discussing tlie physiograpliy of tlie region it was necessary to make brief 
mention of the orogenic movements involved in the Ar!)uckle uplift. The history 
of the geologic structure will be described more fully in <he following pages. 

In discussing the stratigraphy it has been shown that the formations remained 
in an approximately flat position from the earliest Cambrian to the end of Missis- 
sippian time. That there were oscillations of the ocean bed, and probably eleva- 
tions of the sediments into lowlands at times, is shown by the varying nature of 
the rocks. A study of the fossils by Mr. Ulrich has shown without nuich doubt 
that comparatively short intervals of noiideposition and probably of slight erosion 
have occurred. The first change* in sedimentation, and probably slight erosion, 
occurred between lower and middle Cambrian time, when argillaceous limestones, 
intmformational conglomerates, and clays were succeeded by massive limestone. 
Another change occurred at the end of the Arbuckle limestone deposition, as there 
is an abrupt tmnsition from Arbuckle limestone to the basal sandstone of the 
Simpson formation, which is of Chaz}' age. Other breaks occurred at the close of 
the Simpson formation, where there is a change from siliceous to purer limestone 
sediments; at the top of the Viola formation, where there is an abrupt change 
from limestones to days; and at the close of the Sylvan, where there is an equally- 
abrupt return to limestone of the Ilunton formation, which was introduced locally 
b}' deposits of conglomerate. The rock bedding, however, remained practically 
parallel, and the sediments, with the exceptions noted, are finely divided and evenly 
distributed, showing that the oscillations of the sea bottom were of broad extent 
and that if erosion occurred it was in very low and flat land. It is neither impossi- 
ble nor improbable that a break in the fauna accompanied by a change in sedi- 
mentation may be due to marine conditions, a prominent part being performed 
by ocean currents. A belt of shallow sea bottom swept by an ocean current, it 
is considered, would receive neither the fauna nor the sediments })eing deiK)sited 
in a district of more (juiet waters. 

Kear the l)eginning of the Pennsylvanian or near the close of the Missis- 
sippian, the rocks of the Arbuckle region were folded and the western part 
was elevated into land, probabl}^ into mountains. The fonnations involved in 
this uplift are 8,(K)0 to 10,000 feet in thickness, and are composed chiefly of 
massive limestone. Faulting on a large scale also occurred, involving the whole 
Paleozoic section below the top of the Mi^issippian, besides the pre-Cambrian 
granite and porphyry. After the elevation into land there was extensive erosion^ 
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which exposed the rock section down to the Cambrian in the Western part of 
the Arlmckle Mountains. Either >)y erosion or by erosion and suljsidence com- 
bined the western part at least of. the uplift was submerged and large deposits 
of Carl)oniferous conglomerate were spread across the edges of the older faulted 
and folded strata. At a still later time, l)efore the close of the Carboniferous, 
the sediments were again folded and elevated into land. This folding affected 
the recently formed conglomerates as well as all the rock previously deposited. 
Faulting occurred also after the deposition of the conglomerate. Near the 
close of Carboniferous time another period of subsidence occurred and the "'Red 
Beds'' sea encroached upon the region from the west. The extent of this encroach- 
ment eastward is not now determinable beyond the vicinity of the present 
occurrence of the deposits. These deposits have not suffered deformation to any 
appreciable extent. At a later period, Ixitween Permian and earliest Cretaceous 
times, the whole region was elevated into land. Following this regional elevation 
there was depression and a reduction of the surface to a relatively flat plain. 
Then followed a submergence and the deposition of the Cretaceous sediments. 
After Cretac^eous time the region was broadly uplifted into land, without deforma- 
tion, and has so remained to the present time. 

The defoiination of the rocks now exposed in the Arbuckle region commenced 
near the beginning of upper Carboniferous time and ended before its close. 

CHARACTER OF FOLDING AND FAULTING. 

The Arbuckle uplift includes a numl)er of low, wide anticlines and corrugated 
faulted synclines, which together make a broad geanticline, the bordei"s of which 
are flexed steeply downward. As explained in discussing the sti-atigraphy, 
erosion has removed the rocks down to the heart of the uplift, exposing all the 
sedimentary rocks as well as the pre-Cambrian granite and porphyry. In the 
faulted synclinal folds in the central part of the uplift, which have depressed and 
preserved later softer and thinner formations, there are indications of more 
complicated folding than occurs in the massive Cambro-Ordovician limestones. 

The geologic sections accompanying the map (PI. I) show the broad as well 
as the detailed structure of the Arbuckle uplift. The central part of the uplift 
east of Washita River is composed of several liroad, shallow folds. In the axial 
parts of the anticlines great thicknesses of massive CamV)ro-Ordovician limestones 
are exposed and are generally but slightly flexed. The thiimer and softer Silu- 
rian, Devonian, and Carboniferous rocks in the intervening synclines have been 
crumpled into many small folds. These synclines are broken, in general longi- 
tudinally, 1)}' many faults. Since the faulting erosion has so removed the strata 
that only parts of these numerous small folds in the broader synclines are now 
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presen-ed. The essential features of the folding and faulting will be described, 
beginning with the north side. 

Ilunton anticline, — On the northern side of the Arhuckle uplift, beginning 
in the vicinity of Ilunton and extending northwestward, the rocks have been 
bent into a broad and low upward fold, which is sharply flexed and faulted on 
the northern side and faulted throughout the southern side. In its west^^rn part 
it is 15 miles in breadth and extends over almost half the width of the Arbuckle 
Mountain district. Eastward the fold grows gradually narrower for 20 miles, 
where it is contracted more abruptly by the axial pitch of the rocks and by the 
oblique faulting. The faulting upon the northern side of this fold is local, the 
fractures bearing generally east and west at various angles to the axial trend of 
the main anticline, but in most cases across or oblique to the strike of the forma- 
tions. The longest of these faults, however, follows the strike of the beds in 
the northwest side of the fold. The displacement of the beds due to this fault 
decreases northwestward. Near the southeastern end the whole of the Simpson 
formation is displaced, bringing the succeeding Viola limestone against the 
Arbuckle. Some of these local faults extend from the thick Ordovician limestones, 
across Silurian and Devonian strata, into the Carboniferous shales, and the rocks 
upon the north are generally depressed with respect to those upon the south in 
the direction of the dip of the strata. In T. 2 N., R. 6 E., near the extreme 
northern limit of the uplift, there is a triangular basin of Carboniferous lime- 
stone conglomerate resting unconformably across older Paleozoic rocks. The beds 
are steeply upturned upon the northwestern and southwestern sides, and faulting 
has occurred at the contact of the conglomerate with older rocks, so that the 
rocks are depressed by faulting as well as by folding. The faulting upon the 
southern side is more extensive, with downthrow toward the south. The rocks on 
the southern side of the Ilunton anticline are inclined at low angles except 
locally near the faults, where the dips are usually increased. In the axial part, 
and near the western end of the anticline, where it is overlapped and concealed 
by later Carboniferous sti*ata, there are local shallow basins, and at the extreme 
western end a local basin containing rocks of the Simpson fonnation has been 
faulted down as a triangular block in the Arbucikle limestone. For the most 
part the faults bordering this depressed block bear east and west, with displace- 
ments toward the south. A single fault bearing northeast intersects the faults 
in the axial trend and displaces the rocks downward toward the west. 

Wapitnncka synellnc, — A flat and eastward-pitc^hing syncline occurs immediately 
south of the Hunton anticline. In the broad, flat valley of Wapanucka Creek, 
from which it has rec(»ived its name, its axial part is occupied by Mississippian 
shale. This fold becomes broader and flatter eastward, until it is lost in the Coal 
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Measures northeast of the Arliuckle uplift. Toward the we-st it contrac'^t*} by 
faulting uiK>n each side until it pra<*tic*ally ceases as a fold in the northern jmrt 
of T. 2 S., U. 7 E. Parts of the syncline may l)e said to oi'cur along the fault 
which extends through the uplift on the south side of the Hunton anticline. The 
south linil) of the Wapanucka s^Micline is intersected by many faults, which have 
strikers varying from tmnsverse to directions parallel with the trend of the folding-. 
A striking characteristic of the faulting is that the older and harder rocks, 
including the granite, are displaced to a greatt»r extent than the soft Carboniferous 
shales. On the southern side of the Wapanucka syncline the faults are more 
numerous than on the northern side, and with the exception of a local transverse 
fault W(»st of Wai>anucka the* depression of the strata due to faulting is in all cases 
toward the axial part of the syncline. 

Excluding the transverse* fault ref(»rred to, th(» faults ma}' be considered in two 
classes, viz, those which l)ear nearly east and west, and those which trend in 
northwest-southeast directions, more nt^arly with the strike of the rocks. These 
two classes of faults, however, coalesce, and by their junction augment the displace- 
ment of the strata. Many of the larger faults have vertical displacements of 
several thousand feet, and, where two such approach, the throw is doubly great. 
Two nearly parallel faults approach each other south of Wapanucka, and their 
combined throw brings Devonian shales almost in contact with the granite, 
concealing 8,0<)0 feet of Cam)>rian, Ordovician, and Silurian strata. 

The faulting in the northern side of the syncline bears nearly N. 70 E., 
intersecting the older rocks almost at right angles to their strike, and the rocks 
in all cases are depressed southward toward the axis of the syncline. The 
di8plac(»ment due to faulting in the northern limb of the Wapanucka syncline is 
less than that on the southern side, and as a conse<|uence the resultant throw 
west of their junction is downward toward the north, along the axial trend of 
the fold. 

Belt^n anticline, — The elongated gmnite area which extends from the south- 
east end of the x\rbuckle uplift northwestward beyond Belton occupies the axial 
part of a poorly defined anticlinal fold. Both sides of this fold have been faulted 
in such manner that the rocks represented in it occupy only the axial part. The 
stratified rocks now in this fold above the granite consist of massive Cambrian 
and Ordovician limestones which are folded only to a moderate degree and 
which strike toward the fault at various angles. Near the faults on either side 
of the fold the beds are usually more steeply inclined toward the fault or locally 
folded. In places, however, only a slight increase in dip is all the disturl>ance 
to be noted on account of the fault. The contacts between the granite and lime- 
stones, with the exception possibly of that at the west end, are marked by faults, 
and on both northern and southern sides the stratified rocks are depressed 
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with respect to the igneous mass, and the dip near the fault is usually toward 
the downthrow. The faults marking the limits between the granite and the 
limestone at the east end of the anticline extend westward and bound the long 
block of Arbuckle limestone which constitutes the axial part of the fold. The 
rocks upon each side of this faulted anticlinal block have been depressed with 
respect to the rocks within. The Belton anticline is concealed by Cretaceous 
deposits toward the southeast and by Carboniferous conglomerates toward the 
northwest. 

Mill Creek syncUne. — The district of most intricate folding and faulting in 
the Arbuckle region is a narrow strip of country inmiediately south of the 
Belton anticline in the central part of the Arbuckle uplift. The belt varies from 
one-half mile to 3^ miles in width and is as a whole synclinal. The town of 
Mill Creek, for which the S3'ncline is named, is located near its center. The 
syncline consists of parts of many subordinate folds, bearing genemll}' northwest 
and southeast, in the trend of the Arbuckle uplift, and is bounded upon each 
side by well-defined faults. These bounding faults, as well as most of those in 
the interior of the syncline, trend generally parallel with the main folding of the 
uplift. In no case, however, do the faults follow straight lines for any consider- 
able distance. While the fault lines take the general direction of the major 
folding, the beds usually strike against them on one side or the other, and in 
places on both sides, at angles between 30^ and 90^. 

The rocks occurring at the surface and involved in the folding and faulting 
include the entire section from the Cambrian to the Coal Measures and have a 
thickness approximating 10,000 feet. The rocks exposed in the smaller folds are 
for the most part the thinner and softer formations of the Silurian, Devonian, 
and Carboniferous. It is probable that these folds in the higher rocks are minor 
crumplings which were developed in the axial part of the syncline, above the 
broader trough of the thick and hard deep-seated limestone, before the faulting 
occurred. These massive limestones exposed in the eastern part of the fold are 
for the most part gently inclined, approaching the faults upon each side at wide 
angles. The faulting, especially in each side of the fold, is very extensive, and 
in places brings the Carboniferous rocks in contact with the Ordovician and the 
upper Ordovician strata against the granite, showing displacements of several 
thousjind feet. 

For the most part the folding and faulting occurred before the deposition of 
the Carboniferous conglomerate which extends across the western end of the fold. 
Certain faults in the vicinity of Mill Creek and near Buckhorn, however, occurred 
since the deposition of the conglomerate, which is involved in the disturbances. 

Parts of folds in Cambrian and Ordovician limestone occur faulted against 
the granite at the extreme southeastern end of the uplift. So large an area is 
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overlapped and concealed by Cretaceous strata that the relations of these parts 
of folds to other structures can not be determined. Parts of two flat irreg-ular 
uynclines are represented and the faulting appears to follow their axial trends. 
Near the east end of the limestone exposures the 6,000 to 6,000 feet of Arbuckle 
limestone is cut at right angles to the bedding and brought against the granite. 

Tinhomingo anticUn£. — South of the Mill Creek syncline and forming the southern 
part of the Arbuckle Mountain region is a broad, flat fold called the Tishoraing^o 
anticline. The large granite area lying northwest of Tishomingo occupies the 
axial part of this anticline. Above the granite and upon its western side the 
whole section from lower Cambrian to Carboniferous is exposed, pitching west- 
ward at an angle of about 10^'. The northern limb of this anticline is for the 
most part displaced and concealed by faulting. A large part of the southern 
limb of the fold is also concealed b}^ faulting from the vicinity of Wyatt east- 
ward. Bordering the granite on the south side, this fault cuts the whole section 
of stratified rocks from Cambrian to Carboniferous, and displaces them in such 
manner that the formations rest consecutively against the granite. North of this 
fault, which extends along the strike of the rocks from the granite westward to 
Washita River, the rocks dip generally at low angles toward the west and 
southwest. On the southern side the rocks strike approximately with the trend 
of the fault and dip steeply toward the southwest. Northeast of Dougherty the 
Tishomingo anticline contracts and separates into two minor folds, the north- 
ernmost of which pitches rapidly downward toward the northwest and is lost 
l>en(tath late Carboniferous conglomerate which overlaps older sediments. The 
second fold is the western extension of the central part of the anticline. The 
rocks in the axial part pitch northwestward at an angle of about 20^ east of 
Dougheity, and rise again at about the same angle northwest of the same place. 
This fold continues northwestward, expanding slightly, until it also is concealed by 
late (yaH)oniferous and recent river deposits. 

Two to 5 miles northwest of Dougherty, and south of the western contracted 
end of th(^ Tishomingo anticline, is a peculiar dome-like anticline less than a mile 
in wi<lth, with north-south axis. The occurrence of this local fold deflects the 
Tisliomingo anticline slightly northward. On the northwestern and southeastern 
sides of this dome-like anticline there are small synclines, and their sharp north 
endrt rise in the south side of tlie Tishomingo anticline. The southern part of 
this donx^-like anticline is concealed by the sand and silt deposits in the valley of 
Washita Riv(»r. 

Wfishlfii Hymllne, — Just south of the Tishomingo anticline, near the point 
where Mill Cn»ek crosses the large fault, is a faulted southern limb of a syncline. 
It is also a part of the northern limb of a narrow anticline which trends toward 
the northwest and approaches and is cut by the fault east of the center of T. 5 
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S., R. 4 E. This broken anticline is probably a part of the Arbuckle anticline 
described below. A locul narrow synclinal fold occurs on the northern side of 
the same fault in sec. 2, T. 3 S., R. 3 E., and its southern limb is faulted 
downward and concealed. These two parts of synclines are similarh' related to 
the Tishomingo anticline and trend in the same direction, but the fault conceals 
their true relations. The second small syncline rises toward the west and then 
descends near the western side of T. 2 S., R. 3 E., becoming a part of the deep 
Washita syncline, which lies beneath the valley of AVashita River northwest of 
the gorge in the Arbuckle Mountains. 

The southern limb of the Washita syncline is steeply upturned. The beds 
exposed south of the river valley dip toward the northeast at angles varying 
between 40° and 70°. In the northeastern side of the fold, east of the dome-like 
anticline described in connection with the Tishomingo anticline, the rocks are 
inclined toward the southwest at angles of about 30°. Northwest of the dome- 
like fold the dips are steeper. It is believed that the southern extension of the 
dome-like anticline does not pass beyond the axis of the syncline, since the 
exposed rocks in the southern limb show no indication of transversa stresses. 

The sand and silt deposits of Washita. River conceal the axial part of the fold, 
which contains a thick section of Carboniferous shale. The northwestward extension 
and probably a large part of the Washita syncline is covered b}' overlap of late 
Carboniferous conglomerate, which conceals the westward extension of all the 
large folds of the Arbuckle uplift. 

Arhuckle anticline, — South and west of Washita River is a broad and steep- 
sided anticline which is occupied by the Arbuckle Mountains proper. The fold 
converges practically to a point east of Washita River, and pitches steeply eastward 
between converging faults. Northwestward the fold expands until it reaches a 
width of 15 miles at the western end of the mountains, where the rocks involved 
in the folding are overlapped and concealed by Penns^^lvanian and "Red Beds" 
conglomerate. Section AB on the map (PI. I), drawn across the west end of the 
fold, illustrates the character of the structure. 

The rocks near the northern and southern borders dip at angles of 30° to 70°, 
while in the axial part of the fold, especially through the broader western portion, 
the inclination of the thick Cambro-Ordovician rocks is usually much lower, 
though locally variable. In the eastern part, near the Washita River gorge, the 
folding has been more intense. Only the general features of the structure have 
been worked out and shown on the accompan\4ng small-scale map. 

In the axial part of the anticline, near the center and the western end, are 
two unsynnnetrical dome-like structures in which pre-Canil)rian igneous rocks are 
exposed. The rocks in the northeastern sides of these domes are more steeply 
inclined, besides being faulted. The more easterly of these elevations, known 
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locally as the East Woodecl HilK is the smaller^ and is bounded on the northeast 
bj' a curved fault, giving the igneous area a rudely crescent-shaped outline. The 
massive Cam>)rian limestone on the east side dips away from the igneous mass 
in the direction of the downward displacement. 

The more westerly dome-like elevation of the strata in the Arbuckle anti- 
cline, known locally as the West Wooded Hills, is broken on the northern side 
by a number of faults which have approximately tlie same direction as the 
trend of the fold, and on the southwestern side by a single fault near the 
western end. Four faults have been located on the northeastern side. The two 
faiilts which border the granite are gently cun'cd or fluted and the Caml^rian 
limestone is displaced downward toward the north. The vertical throw can not 
be HC(!urately estimated, but it is probably not less than 50o feet where the 
Reagan sandstone is concealed. The second two faults have caused greater dis- 
placement of the strata. They are near together, are nearly parallel, and con- 
verge at the western side of sec. 12, T. 1 S., R. 1 W. Between these fault>s a 
narrow wedge of the Simpson formation is thrown down between massive strata 
in the lower part of the Arbuckle limestone. A fault in the strike and south- 
east of the depressed wedge of Simpson limestone cuts the southeastern lobe of 
the igneous mass, throwing the Cambrian limestone down on the southwestern 
side of a tongue of porphyrv. It is presumed that this is the southwestward 
extension of the more northerly of the two faults above referred to. The fault 
on the southwestern side of the West Wooded Hills has a more easterly l>earing 
tlian those on the northeastern side. Toward the cast it enters the granite and 
is lost to view. Toward the west it passes into the thick Cambro-Ordovician 
linu»stone and probably beneath the overlapping Carlioniferous conglomerate. 
Th(» l)earing of this fault is oblique to the strike of the rocks, and the displace- 
UHMit of the strata is downward toward the south, concealing the Reagan sand- 
Hlone. The beds on each side, especially those near the base of the section, 
ulrike against the fault at high angles. 

Local folding and faulting have occurred near the border of the Carbonifer- 
4inH c(»iiglomcnite east of the West Wooded Hills. A strike fault in this district 
»o|iiinitcH the Viola limestone from older formations on the west. It is evident 
tliul tlu^ displacement of the rocks on the northeast side is downward with respect 
|4i lhurt^^ on the opposite side. Southeastward the fault passes l>eneath an area 
ol i'lirUinifcrous limestone conglomerate, which was deposited on eroded edges 
p| (ho i'liuibrian and Ordovician rocks after the folding and faulting in this dis- 
till l oiiurred. Farther toward the southeast and extending to W^ashita River it 
\t^ iMliivcd that the same fault continues in the strike of the Simpson formation, 
ll.i r.Mut location, however, is ditticult to determine. The displacement ap|)ears 
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to increase southeastward, since the Simpson formation becomes gradually thinner 
in this direction by the loss of lower beds, until only a remnant of its thickness 
is present where its outcrop approaches Washita River. In the river valley the 
fault cuts across the Washita syncline, bringing successively Silurian, Devonian, 
and Carboniferous rocks in contact with the Cambro-Ordovician Arbuckle forma- 
tion. East of Washita River the throw decreases, and practicall}- ceases near the 
southeast corner of sec. 29, T. 2 S., R. 3 E. From approximately the same 
place a fault alreadv described extends through the south limb of the Tisho- 
mingo anticline. The displacement of the rocks of this fi.ult, however, is down- 
ward toward the south. 

A second fault occurs in the rocks north of the East Wooded Hills. It joins 
the tirst near the western side of sec. 24, T. 1 S., R. 1 E., and l^ears toward 
the west, with downthrow toward the south. Thus l)etween the two faults there 
is an obtuse wedge of okler rocks which has bc^en elevated with respect to the 
formations that occur on opposite sides of the faults. 

It has been explained that the Arl)uckle anticline near the crossing of 
Washita River and ])eyond toward the southeast is much contracted and strongly 
folded and faulted on both sides. The faults on the northern side have been 
described. On the southern side the disturbances are more complex and are difficult 
to intei'pret. Two and possibly more faults cross Washita River nearly in the 
trend of the folding, and converge toward the southeast near the southern side 
of sec. 81, T. 2 S., R. 3 E. The resulting displacement, when they converge, is 
such that Carboniferous shales are thrown down on the south and brought in 
contact with Ordovician limestones. In sections 32 and 33 of this township 
the same shales are faulted against Ordovician rocks, but on the northern side. 
A fault transects the fold obliquely to its trend, bearing southeast from the 
northern side, and approaches and seems to join the above-named converging faults 
near the southeast corner of section 32. Here it turns eastward in the south 
side of the narrow pitching end of the Arbuckle anticline, dividing Carboniferous 
rocks lying on the north from Ordovician limestone on the south. 

Near the southern side of section 34 a narrow fragment of massive Arbuckle 
limestone a half mile in length is apparently projected into the Mississippian 
shales. The limestones are steepl}' upturned and the shales in exposures near by 
are intimatel}' crumpled and slickensided. An attempt at explanation of ,the 
forces which produced the disturbances of the rocks would not be satisfactor}' 
without further detailed work, but it appears that there have ])een movements 
of the strata along the fault planes in the trend of the folding and that the 
long and narrow wedge of limestone referred to above has been thrust into the 
C/arboniferous shales. 
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The minor details of Criner Hills topography depend upon the character of 
the rocks composing the exposed formations. As in the Arbuckle Mountains, 
the Arbuckle limestone, being a massive and comparativel}' homogeneous forma- 
tion, makes irregular stony hills, while the Viola and Hunton limestones, con- 
sisting of thinner though comparatively harder beds, make oval and smooth hilLs 
and ridges. The Sylvan shale is invariably- in valleys or swales, and the Simi>son 
formation, which is in large part composed of soft rocks, is usually occupied by 
valleys and lower hill slopes. 

STRUCTURE OF CRINER HIIXS. 

The relations of the Pennsylvanian -beds to the older rocks are essentially 
the same as in the Arbuckle Mountains, so far as could be determined by a • 
general survey. The Sycamore limestone and Caney shale of the Mississippian 
occur infolded with the older rocks, and it seems evident that in this area, as 
elsewhere in the Arbuckle Mountain region, active disturbances of the rocks did 
not occur until about mid-Carboniferous time. Sufficient fossils, however, were 
not obtained to determine the position of the lowest Pennsylvanian beds exposed 
in the district. 

There is a pronounced unconformity at the base of the Coal Measures strata 
across the northwestern end, in a large portion of the northeastern side, and at 
the southeastern end, of the hills. The lowest exposed beds of the Coal Measures 
consist of gritty siliceous limestone, sandstone, and shale interbedded, and coarse 
limestone conglomerates. The entire southwestern side, however, and a part of 
the northeastern side are marked by faults. The extent of displacement on the 
southeastern side is not determinable. The older rocks of the hills end abruptly 
in a definite but low escarpment, at the base of which a number of large springs 
issue. As shown by the exposures, the rocks in contact at the base of the 
escarpment consists of Coal Measures shales, calcareous grits, and sandstones, 
and dip usually toward the southwest In the area west of Hickory Creek, 
except that part bordering the stream, a flat, fertile plain extends to the base of 
the escarpment; 

The rocks of the Criner Hills structurally compose parts of four folds. All 
these folds are intersected by faults and are bounded on one or more sides by 
an overlap of Carboniferous deposits. 

The larger of these folds includes the northwestern half of the hills and is 
a northeastward-dipping monocline or the broken southern limb of a syncline. 
Along and near the southwestern side the lowest exposed beds of the Arbuckle 
'Kmestone are nearly flat and are locally deflected downward at low angles toward 
the fault which bounds the hills. It is interpreted that this local south westward 
deflection of the rocks is due to the drag in the downward displacement on the 
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opposite side of the fault. There are no means by which the extent of displace- 
ment of the strata along the southwest side of this fold can be determined. It 
is reasonable, however, to consider that the throw is not so great as the discord- 
ance in strata now in contact at the fault would indicate, but that it is, in part 
at least, due to an unconformable overlap of Carboniferous upon the folded and 
eroded older rocks before the faulting occurred. 

A fault also bounds the northeastern side of this fold. It bears S. 25^ to 30"^ 
E. from the northwest corner of the hills, oblique to the strike of the rocks and 
to the trend of the hills. The strata on the east side of the fault have been 
thrown down with respect to those on the west side. The axial part of a syncline 
occurs east of this fault, near the north end of the hills. The lowest rocks 
exposed here are Devonian (Woodford) cherty shales, which occ^ir in contact with 
Ordovician (Viola) limestone on the opposite side of tlie fault. Near the north 
side of sec. 2*2, T. 5 S., R. 1 E., the fault crosses the axis of this syncline, and 
toward the southeast successively lower formations approach the fault on each side. 
This fault joins that in the southern boundary of the hills near the crossing of 
Hickory Creek. The downward displacements of these faults are in opposite 
directions, and it is evident that in the latter fault the displacement is greater, 
since it continues downward toward the southwest, })eyond the junction of the 
faults, and to the southeast end of the hills. From Hickory Creek southeastward 
the inclination of the older rocks of the hills is 45^ to 50^ NE., while the 
CaH)oniferous rocks dip 25^ to 30^ SW. 

East of the above-described fault, which cuts the hills diagonally, the older 
rocks comprise a remnant of an anticlinal fold, which trends approximately N. 
20^ W. The upper part of the Simpson formation is exposed in places both east 
and west of Hickory Creek, and the succeeding Viola limestone outcrops in large 
bodies on each side, making the southeastern part of the Criner Hills. Still higher 
formations, the Sylvian shale and the Hunton limestone, occur at the northwestern 
and southeastern ends of this broken fold. In the northwestern end they are 
terminated ))y faulting and overlap of the* C^ar])oniferous conglomerate, and at 
the opposite end a[)parently only by ov(M'lap. Faulting has occurred in the axial 
part of this fold also. At the crossing of Hickory Creek, in the SW. i sec. 35, 
T. 6 S., li. 2 E., the Simpson formation is exposed only in the southern limb of 
the fold. It appears that the fault follows approximately the strike of the fold, 
and that the eastern limb has been thrown down with n^spect to the other. The 
dip of the rocks in the Simpson formation here is 80 SW., while on the opp<jsite 
side the Viola limestone is nearly as steeply inclined in the opposite direction. In 
the ea.stern half of sec. 3(), T. 5 S., K. 2 E., there is a small area of Silurian, 
Devonian, and Mississippian rocks, surrounded unconformably by Coal Measures 
7800— No. 31—04 1 
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strata. It appears to l>e a part of the northern limb of the anticline above described. 
The rocks dip toward the northeajs^t, and are nearly in strike with the same 
formations at the southeastern end of the Criner Hills. 

The Carboniferous rocks on the northeast side of this anticline have suffered 
folding, and near the contact with the older rocks are generally steepl}' inclined 
and dip toward the northeast. East of Hickory Creek dips of Carboniferous 
rocks at and near the contact vary from 25° to 40^, while the older rocks, dip at 
greater angles and in places in different or opposite directions, indicating a great 
unconformit}'. Immediately east of the road at its crossing of Hickory Creek, 
near the west side of sec. 35, T. 5 S., R. 2 E., the contact is evidently upon a 
fault. At this place the Simpson formation dips toward the southwest, while 
the dip of the Carboniferous is ¥)^ in the opposite direction. Farther southeast, 
and in the opposite side of the axis of the fold, the Viola, Sylvan, and Hunton 
formations dip northeast, in the same direction as, but at higher angles than, do 
the overlying Carl>oniferous strata. West of Hickor}^ Creek, at the Imse of the 
Coal Measures deposits, is a strong unconformity which is probabl}' in part due 
to faulting. The beds near the base are variable in character along this contact. 
In some places the^' appear to be chiefl}^ shale, while in others, especially in sec- 
tions 22 and 27, are coarse limestone conglomerates consisting of pebbles of the 
same nature as the limestones of the Criner Hills. 

AKDMOBE BASIN. 

The region }>etween the Criner Hills and Arbuckle Mountains may be char- 
acterized as the Ardmore trough or basin. The rocks consist of shale, limestone, 
limestone conglomerate, and .sandstone, of Coal Measures age, and hav^e been 
strongly folded. The trend of the folds is northwest and southeast, generally 
parallel with the Arbuckle and Criner Hills axes. 

The details of the folding have not been worked out, but sufficient observa- 
tions have been made to detenninc that the rocks have been crumpled into many 
folds, which together constitute a deep corrugated syncline or trough. 

Like the Arbuckle Mountain and Criner Hills uplifts, the Ardmore trough 
is overlapped and concealed toward the northwest by Pennsylvanian or "Red 
Beds" deposits, and on the southeast by earl^^ Cretaceous sand. Toward the 
south the Carboniferous rocks are also concealed by Cretaceous deposits separat- 
ing them from rocks of the same age in the north Texas coal field. 



GEOLOGY OF THE WICHITA MOUNTAINS. 

PREFATORY REMARKS. 

PREVIOUS WORK. 

The Wichita Mountain region was first visited by scientific observers in 1852, 
when Dr. George G. Shumard, who was physician to the expedition, commanded 
by Capt. K. B. Marcy, that explored the North Fork of Red River," noted the 
occurrence of the igneous rocks of the mountains and the stratified sediments 
of the surrounding plains. The expedition touched many points along the 
southern side and crossed the northwestern and southeastern ends of the mnge. 
Captain Marcy mapped a part of the range, his map indicating that the range 
had a northeast-southwest direction, when in fact it trends southeast and north- 
west. The mountains and streams with one exception, still retain the names 
then applied. Tepe Creek was designated Spring Creek, and Tepe Mountain is 
evidently the eminence named Mount Webster by Captain McClellan. The names 
now locally used for this stream and mountain are too well established to admit 
change. Doctor Shumard noted that the sandstones and red clay surrounding 
the mountains were horizontal, and that the sandstone beds, where they approached 
the mountains, contained fragmental igneous materials. He also observed that the 
granite and porphyry were widespread in the mountains and that they contained 
"veins" of greenstone and quartz. 

In 1899 Dr. T. B. Comstock and Mr. W. F. Cummins made a reconnais- 
sance of a part of the Wichita Mountains.* Doctor Comstock had recently sur- 
veyed the "Central Mineral Region" of Texas, in which the older igneous and 
Paleozoic rocks occur, and his interpretations of structure and geologic relations 
made there were extended to the Wichita region. He assumed that the geology 
of the central Texas region — 200 miles distant from the Wichita Range and sep- 
arated from it by little distorted Carboniferous luid Permian strata — was a key 
to its geologic interpretation. In the igneous masses of the Wichita Mountains 
post-Cretaceous structures were apparently recognized corresponding with those 
which were claimed to occur in the Texas region, where undisturbed Permian 



a Senate Ex. Doc. No. 54, 3'2d Cong., 2d sess., Washington, 1853. Appendix D. 
6 First Ann. Kept. Texas Geol. Survey, 1889, pp. 319-328. 
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strata surrounds the mountains and no Cretaceoas rocks are known. Doctor Coni- 
stock classed the granite-porphj-ries of the Carlton Mountains, the gabbro, and 
the diabise as lavas representing stages of eruption, and stated that there were 
flows and remnants of volcanic craters. He <'orrectly noted the occurrence of 
older stratitied rocks which were involved in the Wichita uplift, but failed to see 
that the dialmse dikes which penetrate the gabbro and granite-porphyry as well 
as the granite are older than the oldest stratified rocks, which are of middle 
Cambrian age. Doctor Comstock named many of the mountains, locating them 
by numbers on his sketch map. Of these only Carlton, Cummins, Quana, and 
Navajoe can be definitely located. 

In 1891 Mr. R. T. Hill made some general observations on the nature of the 
Wichita Mountains,'' attempting to connect them structurally with the Ouachita 
Mountains of eastern Indian Temtory. Ho notes the peculiar topographic fea- 
tures of the mountains and concludes ''that their age is not determined,-' but that 
they are post-Silurian and have developed in part since the deposition of the 
*'lted Beds.^' 

In the fall of 1896 Mr. T. Wayland Vaughan, in making a reconnaissance of 
part.s of Kansas and Oklahoma, investigated the older Paleozoic strata on the 
northern side of the range and made a collection of specimens representing the 
principal types of igneous rocks of the Wichita Range. These collections were 
studied and reported upon by Dr. A. C. Spencer.* Fossils were collected from certain 
limestones northeast of Tymate Mountain, which proved to be of Ordovician age. 
No effort was made by Mr. Vaughan to segregate or map the classes of igneous 
rocks, but his collections enlarged greatly the spe<des of igneous rocks before 
known to occur in the region. Doctor Spencer recognized gabbro, granite, 
granite-i>orphyry, anorthosite, and troctolite. With the aid of a local surveyor 
Mr. Vaughan was able to locate, by reference to land surveys, practically all the 
mountains of the region which had been named, but none were mapped. 

In the spring of 1899 Dr. H. F. Bain devoted a month's time to a reconnais- 
sance of the Wichita Mountains, giving attention chiefly to a studj' of the mineral 
resources. His report '' on the general geology is more complete than previous 
publications of the region. Doctor Bain differentiated and described the main 
cla.sses of igneous rock, including the quartz veins, which in one instance he found 
were cut by greenstone (diabase) dikes. He considered that the granite was erupted 
through the porphyry and affected the Cambrian and Ordovician strata. This 
conclusion seems to have originated from a misinterpretation of structural cou- 
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ditions in Blue Creek Canyon. In this canyon the limestone is faulted against 
the granite-porphyry instead of l)eing cut by a dike of similar rock. Cambrian 
rocks are recognized besides the sequence of succeeding Ordovician limestones of 
great thickness. The classification is substantiated l)y fossil determinations. Cer- 
tain conglomerates composed of granite, porphyry, and limestone interbedded 
with shales and succeeded by shale and sandy limestone near the eastern end of 
the Wichita Mountains are correctly chissed in age as '* later than the Trenton," 
but instead of being older than the ''Red Beds'' (Permian) deposits they are 
evidently contemporaneous with them and form their near-shore phase. Likewise 
the conglomerates of limestone and various igneous rocks in the large valleys 
and along the borders of the Wichita and Quana groups of mountains are Per- 
mian, if the '*Ked Beds" are to be so chissed. Beneath a zone of weathering 
these deposits are partially consolidated and in places associated with red clays 
and grits, as explained in the discussion of Permian rocks in the pages following. 
Along the south side of Quana Mountain, in the valleys of the larger streams, 
are recent surticial deix)sits of gravel and sand, worked over in part from the 
''Red Beds" conglomerate, which may be mistaken for the conglomerates in a 
general reconnaissance. 

WORK OF THE UNITED STATES GEOLOGICAL SURVEY. 

The writer, assisted by Mr. C. N. Gould and Mr. E. O. Ulrich, mapped the 
geology of the Wichita Mountain region in the latter part of the season of 1901. 
The land had been cleared of all improvements, except the occasional inclosures 
on the allotments to the Indians, preparatory to the opening of the country to 
homestead settlers. It was devoid of inhabitants outside of the few small towns, 
except occasional Indians and prospectors. Recently the quarter- section and 
section cornel's had been reestablished for the -purix)se of ready location of 
homesteads. This region, outside of the mountains, is an open and practically 
featureless plain, and the mountains are almost bare, so that conditions for rapid 
and accurate geologic mapping were very satisfactory. 

With the assistance of Mr. Gould all the known igneous areas and the contacts 
between the igneous masses and the fonnations of stratified rocks were mapped by 
traverse surveys, checked by locations on section and quarter-section corner stones. 

Mr. Ulrich devoted his time to a study of the Cambrian and Ordovician 
rocks. An abundant collection of fossils gave means by which the rocks were 
correctly classified, as well as correlated with the Cambrian and Ordovician for- 
mations of the Ar buckle Mountains. The lithologic similarity of these rocks to 
the formations of the x\rbuckle region, and the duplication of fossil remains, are 
so nearly complete that faunal lists of the Cambrian and Ordovician of the Wichita 
Mountains are not considered necessary. 
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PHYSIOGRAPHY OF WICHITA M6irNTAIX REGIOX. 

The Wichita Mountain region consists of collections of mountains, hills, and 
knobs extending from Fort Sill, in the Apache Indian Reservation, northwestward 
to beyond Granite, in Greer County, Okla., a distance of 65 miles. From the 
vicinity of Fort Sill the northern and southern limits of this peculiar collection 
of mountains diverge imtil, near the center, the outlying knobs upon each side 
are 30 miles apart. Continuing northwestward the range gradually contracts 
and ends in small collections of low mountains or knobs northwest of the town 
of Granite. The region is thus synmietrical in general outline, but not so in 
the arrangement, size, and form of the mountains which constitute the mnge, 
or, more properly speaking, the groups of mountains. The groups of mountains 
composing the i-ange with one exception, many of the individual mountains, and 
numerous knobs and points of granite and other igneous rocks are surrounded 
and separated by the nearly level and smooth plain of the ''Red Beds" which 
extends southward across Oklahoma into western Texas. 

WICHITA MOUNTAIN GROUP 

The largest of the groups of mountains that compose the Wichita Range 
is the Wichita group, from <vhich the range has received its name.. It extends 
from near the northwest corner of the Apache Reservation northwestward about 
25 miles, and consists of many rugged and irregular granite mountains, the most 
prominent of which are Mounts Scott and Baker, near the southeastern and 
northwestern ends, respectively. On PI. Ill is a view of the southeastern part 
of this group from the plain of Medicine Creek, looking toward the southwest, 
and showing Mounts Scott and Sheridan. Mount Sheridan is about 4 miles west 
of Mount Scott. Between Mount Sheridan and Mount Baker and Haystack 
Mountain, at the west end of the group, are many imnamed mountains and peaks 
of sharp outline, separated by narrow, rugged passes. On PI. IV, 5, is a view 
of the northwestern end of the Wichita group, showing the sharp, serrated 
outline of the mountain crest. Near *the source of Medicine Creek an arm of 
the W^ichitas extends northward, ending in Saddle Mountain. Saddle Mountain is 
separated from the main Wichita group by a low pass, which is traversed by one 
of the large branches of Medicine Creek. Though the highest peaks in this 
group rise to elevations not exceeding 1,500 feet above the bordering plain, they 
are difficult of ascent because of the steep and rugged slopes, which are strewn 
with large angular granite bowlders. 

The Wi<^hita group of mountains is sepjirated from the Quana Mountains on 
the south b3" a wide, plain-like valley, which descends with very easy grade from 
Military Pass, 2 miles east of Oriana, to the western end of the Carlton Mountains, 
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where it divides, the northern arm passing down a branch of Medicine Creek 
between Carlton Mountains and Mount Scott, while the southern arm extends to 
the plain down Beaver Creek. The sources of West Cache Creek occupy the 
western half of this valley and flow southward through gorges near the middle 
of the Qu|ina Mountains. 

This intermontane valley, like most other valleys of large size in the Wichita 
Mountain region, was formed during the deposition of the "Red Reds,'' of pre- 
sumably Permian age, and has been resurrected and to some extent modified by 
more recent degradation. Many remnants of the ''Red Beds" conglomerate yet 
remain in this valley between the present shallow drainage ways from Military 
Pass at the head of the valley and the plain to the east uix)n each side of Carlton 
Mountains. From the same pass a wide embayment, partially filled with con- 
glomerate and red clay deposits, opens south westward, descending 200 feet or more 
to the general level of the plain about Oriana. 

QUANA MOUNTAIN GROUP. 

The Quana group, like the Wichita, is an elongated collection of granite 
mountains and low peaks about 14 miles in length. Though like the Wichita 
group in character of rock and topographic features, the individual mountains 
are lower, and none of them, it is believed, rise more than 800 feet above the 
general level of the plain bordering the mountains upon the south. The Quana 
group is separated into an eastern and a western part by gaps near the center, 
through which the three branches of West Cache Creek flow. The two westernmost 
and largest .branches cross the mountains in narrow and deep gorges, while the 
other traverses an old, wide, and flat valley that originated contemporaneously 
with the intermontane valley which lies north of the Quana Mountains and with 
which it is connected. Remnants of the ''Red Beds" conglomerates and red clay 
deposits may yet be seen in the floor of this valley. 

CARLTON MOUNTAIN GROUP. 

The Carlton group consists of low mountains and peaks which lie between 
the east ends of the Wichita and Quana groups and extend eastward to within 
a mile of Fort Sill. The topographic features of the Carlton Mountains are 
markedly different from those of the Wichita and Quana mountains. The Carl- 
ton Mountains consist of granite-porphNries and old rhyolites, which, unlike the 
granite, break into small angular bowlders and fragments upon weathering, giving 
rounded and comparatively^ smooth topographic forms. The general effect is like 
that produced by a topographically young region composed of homogeneous soft 
rocks — mountains composed of numerous ridges and spurs separated b}^ V-shaped 
Talleys. 
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The outline of this ^roup, as well as of its separated nieml)ers, like that of all 
the other f^roups of the rei^ioii, wa.s established by marine degradation at a time 
when th<» P(5nnian sea hUhkI with its shores at the approximate position of the 
"Red l^ds" and porphyry eonUict. 

From near the center of the group an ann projects southward and ends in 
Signal Mountain, the highest peak, which rises about 8<K) feet above the plain. 
A single mass of hills is se[)arated from the main group on the southwestern side 
by an inlet of the "l{<id Beds" plain which extends up the valleys of Wolf Creek 
and joins the broad upland valley Iwtween the Quana and the Wichita mountains. 
The most noteworthy feature of the Carlton Mountains is Medicine Bluff, at the 
extreme east end, al)Out a mile west of Fort Sill (see PL III). Here Medicine 
Bluff Cn^ek flows against the north side of the porphyr}' mountain, making 
(H^riMsndicular bluffs lOO to 4<K) feet high and a^)out half a mile long. 

RAGGEDY MOUNTAINS. 

West of the Wichita and Quana mountains and extending southwest to 
Navajo<% in the valle}' of the North Fork of Red River, is a scattered group of 
mountains and hills, the individuals of which are separated b}' the '"Red Beds"' 
y plain. To this group the name of Raggedy Mountains has l>een applied. Twin 
and Na(j'ajo(^ mount^iins, in the southwestern part of the group, are the only moun- 
tains to which names had been given when the region was surveyed in the fall 
of 1JM)1. Contrary to the arrangement of the Wichita, Quana, and Carlton 
groups, which have northeast-southwest l>earings governed in a measure by the 
structure, the Raggedy Mountains are longest north and south, an 'arrangement 
which seems to be accidental. Between the Wichita-Quana group and the 
Raggedy Mountains the flat plain is unobstructed. While gabbro rocks come to 
the surface across this plain and connect the gabbro of the central mass of the 
Raggedy group with the Wichita, they were completely worn down and submerged 
in Permian time and stand now in the level of the smooth '"Red Beds'' plain. 
Southwe>it from the Quana Mountains there is a broken string of granite knobs 
and hills connecting with the south end of the Raggedy group. 

The central mass of the Raggedy Mountains is <»omposed of gabbro, and is the 
only area of this rock exposed in the region which has not been reduced almost 
to the present level of the "Red Beds'' plain. These mountains of gabbro lie 
eitst and southeast of Roosevelt, on both sides of Otter Creek. That jmrt of the 
gabbro area of the Raggedy group south of Roosevelt and a fringe around the 
more mountainous part are practically in the level of the plain and contain thin 
patches of the ''Red lieds'' deposits, a remnant of the strata which once extended 
over the whole reduced portion. Here and there in the reduced gabbro area are 
mounds and low rounded knobs which have not been affected by recent active 
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erosion. The highest gabbro mountains lie on eac^h side of the Upper Narrows 
and rise to elevations of 600 to 800 feet above the level of the plain. Iron 
Mountain is a knob in an arm of gabbro extending northeast of the Upper 
Narrows and is cut off from the mountain mass by a wide, flat divide. The 
detached elongated area east of Roosevelt makes low rounded hills 100 to 200 
feet in height. 

On disintegrating the gabbro breaks into bowlders in a manner similar to 
the granite, but the}" are generally smaller and rounded and give rotund topo- 
graphic forms similar to the porphyry tojx)graph3^ of the Carlton Mountains. 

The northern and southern parts of the Raggedy group are composed of 
isolated granite mountains and knobs set in the smooth *' Red Beds" plain. 
Many of the smaller ones rise abruptly 100 feet, more or less, above the red 
sediments of the plain, with evenly curved boundaries and steep sides, and have 
the appearance of nearly submerged peaks. In fact, they were islands in Permian 
time, and many — probably all— were submerged. There is no reason to doubt 
that these isolated areas, as well as mountain groups of igneous rocks, are con- 
nected beneath the '^Red Beds" and formed peaks and knobs of a single broad 
range which were partly or wholly submerged and separated by the Permian 
sediments. 

A peculiar feature of the Raggedy Mountains is that Otter Creek flows across 
the central part of the group and has cut through the more rugged gabbro and 
granite mountains, making narrow, sharp gorges known as the Upper and Lower 
Narrows. One of the large branches of this creek rises in the northernmost 
group of granite hills and flows across the gently rolling plain and passes the 
sharp gorges of the Narrows, 100 to 200 feet in depth, cut in wider divides which 
separate the higher knobs or peaks of the mountains. The only inference apparent 
at this time concerning the peculiar course of Otter Creek through the Raggedy 
group is that it occupied practically its present location at a time when the surface 
of the '*Red Beds" plain stood above the divides between higher knobs of the 
igneous mountains in which the gorges of the Upper and Lower Narrows are cut. 
At that time the plain was nearly 200 feet above its present position, and as 
general degradation of the land progressed, Otter Creek was imposed upon the 
gabbro and granite masses which constitute the present Raggedy Mountains. 

DEVILS CANYON GROUP. 

The watershed between Elk and Otter creeks is a low and almost imperceptible 
swell in the plain. This divide separates the Ragged}- Mountain group from the 
considerable collection of granite mountains and hills, including Little Bow, Elk, 
Dome, Teepee, Quartz, Suttles, and Devils Canyon mountains, besides many 
unnamed mountains and hills, which may be known as the Devils Canyon group. 
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These mountains lie in the valley of the North Fork of Red River, and the 
channel of the river meanders among them, touching a number of the larger ones. 
The Devils Canyon group is composed almost entirely of granite, which protrudes 
through the "Red lieds." The rock is the same kind as that of the Wichita and 
Quana mountains and presents the same topographic forms. The smaller mountains 
and isolated knobs rise abruptly from the plain, their steep slopes being strewn 
with angular bowlders. The larger masses of granite, such as Quartz, Dome, 
and Devils Canyon mountains, contain many rounded knobs and peaks, rising 
600 to 800 feet above the plain and separated by rugged gulches or divides. 
Many of these crests are dome sha]>ed. ' This form was esj>ecially noted in Teepee 
and Dome mountains. In Dome Mountain the dome-shaped knob of the crest, 
100 feet or more in height, sits 8^)0 to 400 feet above the plain on a wide terrace 
or table of the mountain. On PI. IV, ^i, is a view of the southwestern peak of 
Quartz Mountain, illustrating the abrupt ascent from the level plain and the forms 
of the isolated knobs in the western part of the Wichita region. 

HEADQUARTERS MOUNTAIN GROUP. 

At the extreme northwestern end of the Wichita Range is a small group of 
granite mountains which lie entirely west of Red River and northwest of the 
town of Granite. The largest of these is Headquarters Mountain, which covers 
an area of nearly 3 square miles and rises steeply to an oval crest about 600 
feet above the plain. These mountains are composed of red granite similar to 
that of the Wichita group, but the mountain peaks and knobs have a rounded 
form, though the slopes are strewn with large bowlders. 

LIMESTONE HILLS. 

Another mountain group of the Wichita region is the elongated collection of 
limestone and porphyry hills and low mountains which lies northeast of the 
Wichita group and is separated from it by a long strip of rolling plain 2 to 6 
miles in width. This group, which has received no adequate name, extends from a 
point 7 miles north, of Fort Sill northwestward, with the general strike of the 
rocks, to Rainy Mountain at Rainy Mountain Mission. It gradually expands in a 
rudely triangular form and reaches a width of about 7 miles in the central part. 
Near the middle, north of Mount Scott, the compact mass of hills is divided into 
two portions by a broad, flat inlet of the ''Red Beds" deposit of the plain. 
Each of these arms is broken northeast of Saddle Mountain into numerous low 
mountains or hills, which are oriented generally northwest-southeast, with the 
trend or strike of the rocks. The northern arm contains a number of porphj'ry 
hills. A mass of porphyry also occurs between the limestone hills north of 
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A. SOUTHWESTERN KNOB OF QUARTZ MOUNTAIN. 

Showing abrupt ascent of granite from the level plain. 




B. NORTHWEST END OF THE WICHITA MOUNTAINS. 
Showing sharp mountain crests and embayment of "Red Beds." 
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Mount Scott. The detached masses of limestone and porphyry are surrounded 
throughout this region by the open and level ''Red Beds" plain. 

The topographic details of the porphyr}^ hills in this group are of the same 
character as in the porphyry hills composing the Carlton Mountains. The surface 
is broken and cut by many gulches and sharp defiles, but the hills are generally 
smooth crested and have rounded or oval forms. 

The limestone hills have the same topographic features as the porphyry hills, 
and man}' of their crests are now 400 to 600 feet above the plain. PI. V, ^1, shows 
a typiciil knob of Ordovician limestone near Rainy Mountiiin Mission, at the 
extreme western end of the limestone hills, known as Rainy Mountain. 

Like all the other mountains of the region, the location, general plan, and 
contour of the hills are due to a cycle of degradation culminating in Permian 
time and to later minor modifications. The larger valleys descending from the 
more prominent limestone and porphyry hills, as well as the broader level passes 
of the plain which separate them, are not always occupied or followed by the 
principal drainage lines. These larger valleys and passes do not contain exten- 
sive deposits of recent local conglomerates, which might be supposed to extend 
as fans or sheets out from the mouths of the valley. The deposits of conglom- 
erate descend or extend into the plain, blending with the red grits and clays and 
forming parts of the plains materials. The partly consolidated gravel, sand, and 
clay w^hich filled the old valleys are softer than the crystalline limestone and 
porphyry now making the hills, and they were therefore more rapidly eroded 
and the old valleys were resurrected and are perpetuated. Many of the streams 
are small, but when established in their positions in the once submerged and 
filled valleys, as the general degradation of the land progressed, they cut downward 
without regard to the older and harder rocks. Thus many of the streams once 
flowing in the softer rocks became imposed upon the spurs and slopes of hard 
limestone bordering the old valleys. Marked instances of such superimposed 
drainage occur in Tps. 4 and 5 N., R. 12 W., where small streams, flowing in the 
wdde resurrected valleys whose floors are filled with '"Red Beds" deposits, cut 
through sharp spurs projecting from the limestone hills, while the level plain 
upon soft rocks was opened for their passage. 

STRATIGRAPHY OF WICHITA MOL^IS^TAINS. 

IGNEOUS ROCKS. 

In the geneml survey of the Wichita Mountains only sufficient time was 
available to study the salient features of the igneous rocks. The kinds of igneous 
rocks which occur abundantly or in large masses were distinguished, classified in 
respect to age as far as conditions would permit, and mapped. Local variations 
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of tLe larger masses and various phases of the dike rocks were noted and 
specimens collected, but a stud}' of their relations in detail was not attempted. 
The rocks collected were submitted to Mr. Ernest Howe, of the Geological Survey, 
for stud}^ and the petrographic descriptions are from his report. 

The igneous rocks of the Wichita Mountains are separated into four generals 
classes, distinguished by their large mass or abundant occurrence, and also by 
their age relations. These, in order of apparent age, are, gabbro and related 
anorthosite, granite and related aplites, granite-porphyr}- and associated aporhy- 
olite, and diabase dike rocks. 

GABBRO AND RELATED ANORTHOSITE. 

For the most part the gjibbro is exposed in valleys or in the plain which 
surrounds the mountains. Such is its occurrence along Medicine Creek southeast 
of Saddle Mountain, in the broad elevated valley between the Wichita and Quana 
mountains, and in the plain between the Wichita and Kaggedy mountain groups. 
On the southern side of Medicine Creek the gabbro rises in the lower northern 
slopes of the Wichita Mountains l)eneath the granite. The position of the gabbro 
with regard to the granite is similar on the southern and western sides of the 
Wichita group. On the north and south the gabbro of the Kaggedy Mountains 
is separated from the granite masses by the '"Red Beds'" deposits, but in the 
plain eastward it is connected with the gabbro of the Wichita group. 

The gabbro of the Raggedy group makes mountains of considerable size, 
bat their general aspect is different from that of the mountains formed of the 
granite. The gabbro disintegrates moie readil}^ and even the large-size bowlders 
are less angular than those of granite. The general effect is a roundness of 
contour and profile of the hills, and in the valleys or plain the rock is generall^^ 
disintegrated. 

The prevailing physical aspect of the gabbro is that of a dark -gray to black, 
rather coarsely crystalline, rock. The gabbro proper consists of labradorite, augite, 
and magnetite with a little biotite and accessory titanite. It is a typical gabbro, 
fairly fresh, or with the augite altered to umlitic hornblende. 

The rocks which on close study have proved to l)e anorthosite were colle-cted 
as phases of the gabbro, and occurred near the contact with the granite or near 
dikes of granite or aplite. Between the anorthosite and the gabbro a continuous 
gradation can be made out, even in hand specimens. The specimens of anorthosite 
collected show a reddish, greenish, or bluish-gray rock, with lath-shaped crystals 
of labradorite. 

Petrographicall}' the relation between the gabbro and anorthosite rocks is 
close, and in the field it is doubtful if lines can be dmwn separating them. In 
the several specimens of anorthosite examined, labmdorite is the onl}- constituent. 
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with the exception of a iiiefe trace of magnetite. Beginning with a faint trace, 
the augite increases in quantity until it is almost equal in amount to the labra- 
dorite. With the increase of augite or its alteration i)roduct, uralitic hornblende, 
there is a corresponding increase in the magnetite. The various stages can be 
readily seen. 

GRANITE AND ASSOCIATED APLITE. 

Granite is th.» principal mountain-making rock in the Wichita region. Its 
area is greater than that of all the other igneous rocks com})ined, and is about 
equal to that of the others and the older Paleozoic sedhnents. It makes all of the 
high land of the Wichita, Quana, Devils Can} on, and Headquarters mountains, 
and a large part of the Kaggedy group. 

The relations of the granite to the gabbro indicate that the granite is younger 
and that it intrudes the gabbro. Both occur in largo masses, as shown, and the 
gabbro is cut by a great number of granite or aplite dikes, which in many cases 
can be traced from the granite mass. 

In physical aspect this granite varies from dark red to light pink and from 
moderately coarse to finely granular. A representative of a large part of the 
granite mass is found in Mount Scott, which consists of a rather deep-pink, even- 
textured, and moderateh' fine-grained rock. 

The gi'anite in its various phases is rich in orthoclase and quartz, with rela- 
tively subordinate amounts of the dark silicates, hornblende, augite, or biotite. 
The majority of the specimens studied are from dikes cutting the gabbro or very 
near the contact of the granite with the gabbro. A specimen from the top of 
Mount Scott may be taken as tj^pical of the gmnite as a whole. It is a inedium 
coarse-textured rock, to which the feldspar gives a dominant red color, which is 
varied by small spots of a dark-greenish mineral and grains of quartz. The 
microscope shows that orthoclase and quartz occur in nearly equal amounts and 
together make up by far the greater part of the rock. A little hornblende also 
occurs, and accessory magnetite, apatite, and zircon. Although not evident in 
hand specimens, the rock is seen to have a crude porphyritic structure when 
examined under the microscope. Tlu^ feldspar occurs in large phenocrysts, 
surrounded i)y quartz and feldspar in micropegmatitic intergrowths. The dark, 
turbid^ character of the feldspar is to be attributed to tinely divided hematite 
which fills the crystals as a dust. 

Parts of the large granite masses also show variations in texture. In the 
northwestern foothills of Saddle Mountain the granite has a finer texture and 
is porphyritic, but is slightly ditferent from that occurring commonl}^ in the 
Carlton Mountains. A similar phase of the granite occurs in the northwestern 
hills of the Headquarters group, at the extreme northwestern end of the Wichita 
Kange. 



62 GEOLOGY OF THE ARBUCKLB AND WICHITA MOUNTAINS. 

Variations of the granite from the average type are found chiefl}- near its 
contact with the gabbro. A particular instance was noted in the SE. i sec. 
21, T. 4 N., R. 14 W., where the granite mass rests against the gabbro. Hand 
.siKJcimens show the rock to be strongly porphyritic, and it may be called 
spherulitic granite-porphyry. A similar contact phase of the granite with gabbro 
occurs near the center of the south side of sec. 16, T. 4 N., R. 14 W. 

The dikes which extend from the granite and cut the gabbro range from 
massive bodies 40 feet and more in thickness to thin sheet and stringers. Usualij^ 
the rock of the thicker dikes is coarser and is more nearly related to typical granite 
than the rock of the thin dikes. A dike, 40 feet in width, cutting the gabbro 
in the SE. i sec. 4, T. 4 N., R. 13 W., is characterized as an augite-hornblende- 
granite. The dikes generally, however, are best described as aplites. They are ^ 
tine-grained rocks, in gray, pink, and lighter colors. Quartz and feldspar occur 
in the usual tine mosaic characteristic of aplites. The feldspar is predominantly- 
orthoclase, plagioclaso being present only in very small amounts. Augite, horn- 
blende, and biotite occur, but never proniinently; muscovite is rarely present, and 
the usual Jiccessories of granite, magnetite, titanite, apatite, and zircon are gen- 
erally found in small amounts. 

The contact between the granite and granite-porphyry is exposed south 
of Mount Scott for a few miles. To the west, across sees. 22 and 23, T. 3 N., 
R. 13 W., the contact between the granite and porphyry can be traced, although 
the contrast in the rocks on each side is not strong, as the two rocks are prac- 
tically the same in color and in granular texture. Apparently, also, there is a 
gradation through a short space from the granite to the granite-porphyry-. 
Along the eastern part of the contact, in parts of sec. 24, T. 3 N., R. 13 W., 
and farther east, a wide band of finely granular aplite occurs between the granite 
and the granite-porphyry. 

In the description of the structure of the Wichita Range it was observed 
that there are zones of fracturing and jointing in the granite. In such localities 
the rock on weathering breaks up into relatively small, angular bowlders. The 
prevailing surface features of the granite, however, are coarse and rugged, the 
rocks having broken deeply into large angular bowlders between widely set 
joints, and become rounded on long weathering. The slopes of Mount Scott are 
typical of the granite surface of large masses. (See PI. V, B,) The lower slopes 
of the knobs and mountains are strewn with immense lx)wlders, many of which 
descend to the borders of the plain. The large bowldei*s become well rounded 
on long surface exposure, and some of these in old age are reduced by exfolia- 
tion. A typical example of this peculiar mode of weathering occurs at the 
southern side of Quartz Mountain, and is shown in PI. VI, B. 

In the western part of the Wichita Range many of the low mountains and 
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knobs have dome-shaped or oval crests. The centers of some of these show 
large masses of granite but little broken. A typical knob of this character may 
be seen in one of the crests of the granite mountains of the Raggedy group in 
sec. 22, T. 8 N., K. 17 W. On long exposure the massive granite knob has 
assumed exfoliation on a large scale. From the plain on the southwestern side 
large segments of granite, many feet thick, may be seen becoming detached from 
a spheroidal dome. This view is illustrated on PI. VI, ^1. 

GKANITE-PORPUYRY AND ASSOCIATED APORHYOl.ITE. 

A class of rooks apparently closely related to the granite composes practically 
all of the Carlton Mountains, the igneous mass lying between the limestone hills 
in the vicinity of Blue Canyon, north of Mount Scott, and some hills near the 
northwest end of the limestone areas east of llainy Mountain Mission. They 
vary from brick red to shades of light pink. The porphyritic character is vari- 
able, and specimens may be selected which have a near resemblance to certain 
parts of the granite, but on the whole the masses designated granite-porph3'ry are 
different from those described as granite. 

Megascopically the' rock appears to be a rather coarse-grained and largely 
feldspathic porphyry. With the exception of the feldspar phenocrysts, there seem 
to be usually no real crystal grains, the remainder of the rock consisting of a 
dense felsitic groundmass. Rarely a specimen is found which shows occasional 
small quartz grains. A microscopic examination shows that, with the exception 
of a very little altered hornblende, the rock is composed almost entirely of 
spherulitic aggregates of feldspar and micropegmatite, often grouped about small 
crystals of feldspar. A little quartz also occiirs, in grains. 

In some instances the feldspars have a faint zonal structure, but these and a 
small proportion of the others, presumably plagioclase, are undeterminable on 
account of their decomposition. The greater part of the feldspar is orthoclase. 
The above description applies t<> the rock of Carlton Mountain, on Medicine Creek, 
near the western side of sec. 28, T. 3 N., R. 12 W. 

Another porphyry, distinct from that just described, is found in the east end 
of the Carlton Hills, at the east end of Medicine Bluff. It is a dull-pink rock, 
with phenocrysts of feldspar and quartz, in a dense or finely granular groundmass. 
The feldspar phenocrysts are all orthoclase, frequently twinned according to the 
Carlsbad law, and from 3 to 4 millimeters in length. The groundmass, largely 
feldspathic, and in part possibly micropegmatitic, is now very much decomposed, 
and looks not unlike the devitrified base of a surfa(!e glassy flow. With the 
exception of a little doubtful hornblende there are no dark silicates to be made 
out. The feldspars are all charged with a fine reddish dust, probably hematite. 

In Blue Creek Canyon, sec. 11, T. 4 N., R. 13 W., a rock is exposed which 
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wa« \felieved Up }te a pha."**? of the gTanite-poq>h\T>'. Init which od niicrop«copic 
exariJination provffrfl to Jie apr>rliyoIiti?. Bocks baring similar phy!*ical as^pe^^t?- 
orx-ur in the (.arlton Mountain are&. about 1 mile north of Sicfnal Mountain. 
Spwiiiien* of the same rrx-k aWj were collected from the Elast Woixied HilLs 
of the Arbuckle Mountain-, Indian Territory. As in the Arbuckle Mountains, 
the apr>rhyolite rxx-ur-^ in ch>??4- association with the granite- porphyry, bat the 
contact relations were not made out. 

In hand spe<-iniens the Wichita aporhyolite appears to be a partially dec«>m- 
posffd porphyry of a darker hue than the average Carlton Mountain pi>rphyry- 
iu thin t^ections it i^ mten to be a fluidal. vesicular, much-altered roc^-k. containing 
phenocrysts of feldA|jar, a little quartz, ix)ssibly secondary, and rareh' a very little 
plagioc'aMC. The Imse, which was once glassy, is now i-ompletely devitritied, but 
Htill shows in certain bantls a perfect perliti<- structure. The vesicles, of which 
there are many, are now tilled with secondary silica. 

On weathering the jxirphyry breaks inU> small lx>wlders and fragments, and 
the hilln composing it have distinctly rounded forms. At Medicine Bluff, 1^ 
miles northwest of Fort Sill, the granite-porphyry is exposed in a vertical cliff 
hH) to -UH) feet high, showing rude columnar structure, doubtless due to close 
parallel and cross jointing. PL VII is a view of Medicine Bluff showing this 
peculiar jointing. The distinct, closely placed parallel joints may be seen a 
considerable distance extending nearly vertically from the top of the bluff to the 
bed of Medicine Creek. Whether this structure is i*ommon in other parts of the 
granite-porphyrj' of the Wichita Mountains can not be determined on account of 
the luantie of weathered surface rock. It is presumed that similar stnictural 
conditions occur, since the characteristic weathering of the porphyry- into small 
angular blocks is universal. 

DIABASE. 

The gabbro, granite, and granite-porphyry, the only igneous ro<*ks in the 
Wichita region which are known to occur in large masses, are cut by great nuni- 
l)ers of dialmse dikes. These dikes range in thi<*kness from several feet to thin 
stringers. They cross the contact between the granite and the gabbro and inter- 
sect the granite dikes in the gabbro. 

These diabase dikes extend in various directions, hut sufficient time was not 
given to their study to determine whether they conform to any s\\stem of 
arrangement. Dikes of the same texture and color penetnite one another at vari- 
ous angles, but whether they are of one or more generations was not ascertained. 

The diabase ranges from a moderately tine-grained dark-gray to fine-textured 
bluish-black rock. As a rule, the larger the dikes the coarser the texture. A 
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thick and apparently neck-like dike in the ^ranite-porphyn^ of Blue Creek 
(Janyon has a texture approaching that of the average gabbro. 

Petrographically these dike rocks have the typical structure and mineml 
composition of diabase. One specimen, from a dike 18 inches wide cutting both 
gabbro and granite, contains, in addition to labradorite, augite, and magnetite, a 
considerable amount of a brownish-yellow mineral which is evidently an altera- 
tion product, but which possesses the optical characters of serpentine, and was 
probably derived from olivine, as outlines of olivine crystals are still to be made 
out. The ophitic structure of the rock is emphasized by this mineml, for it 
partly surrounds the laths of labradorite after the manner of the augite. 

A number of diabase dikes were noted intruding the granite-porphN'ry of the 
Blue Creek Canyon area near the Cambrian contact, and pebbles, both of granite- 
porphyry and of diabase, make conglomerate beds in the Keagan formation, which 
is the oldest sedimentary deposit of the region, being middle Cambrian in age. 
Thus all the evidence of the age of the igneous rocks so far obtainable indicates 
that they are older than middle Cambrian, and, since granites form only at con- 
siderable depths or under great pressure, the inference is that they are much 
older than middle Cambrian. 

QUARTZ-MONZONITE. 

Certain rocks occurring in association with granite-porphyr\% granite, or 
gabbro, and in the field considered to be phases of these rocks, on microscopic 
study were found to be quartz-monzonite. The rock associated with granite- 
porphyry was found at the western bank of Medicine Creek, in the NW. i 
sec. 85, T. 3 N., K. 12 'AV. It is dense, rather tine grained, porph^ritic, deep 
red in color, and has a general physical resemblance to nmch of the granite- 
porphyry of the region. Near the center of sec. 25, T. 8 N., K. 14 W., a 
granular gray rock was found in the wall of a narrow mineralized zone in which 
galena is disseminated in small <iuantity. The country rock here is the ordinary 
granite of the region, and the specimen collected was considered to be a 
phase of the same. Two specimens of tinely granular gray rock were obtained 
near the center of sec. 13 and in the NW. i sec. 17, T. 4 N., R. 17 W. They 
occur in the large gal)bro area of the Raggedy ^lountains and near granitic 
intrusions, which cut also tlu» ordinary coarsely crystalline gabbro. The speci- 
mens of tinely graiuilar rock are all more or less decomposed, so that exact 
determinations were not possi])le. 

The predominant constituents of the monzonite are orthoclase and some 
plagioclase feldspar, which is ditiicult to determine on account of its decomposed 
condition. In a few cases there is an indication of oligoclase, and in one the 
7800— No. 81— (U 5 
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plagioclase .seemed to be as basic as labradorite. The relations of the two feld- 
spars vary somewhat, but orthoclase is genenill\' slightly in excess. In all 
specimens (]uai*tz occurs, but never in great abundance. It is usually in the 
form of pegmatitic i«tergro\vths with orthoclase. Hornblende and accessory 
biotite, though seldom fresh, are present in all the rocks, fi*equently in abun- 
dance. Accessory minerals are inconspicuous. 

QUARTZ VEINS OR DIKES. 

The large igneous masses above describtMl contain here and there veins or 
dikes of white quartz. Probably the most extensive deposits of quartz occur in 
nearly east-wTst leads in the central part of the gabbro area of the Raggedy- 
Mountain group. Quartz bands were noted by Dr. H. F. Bain in the granite of 
the Quana Mountains in the valley of the stream which flows south through sec. 
35, T. 3 N., R. 14 W. Quartz bands were found also in a small gabbro hill in 
the southeast corner of sec. 6, T. 4 N., R. 18 W., near a large granitic dike 
which cuts the gabbro in an east-west direction. Like the diabase dikes, the 
quartz bodies extend both across and in the direction of the trend of the Wichita 
Range. It has been reported b\^ Doctor Bain" that some of the quartz veins are 
granular and contain mic^, and that a large one cutting the granite-porphyry of 
the Carlton Mountains at Medicine Bluff is intersected by a diabase dike. 

It has been shown that the granite-porphyry and the diabase dikes which 
intrude it were formed prior to middle Cambrian time. The relations of quartz 
bodies and diabase dikes in the Carlton Mountains and the granular structure of 
the quartz suggest strongly that at least one of the quartz bodies is a true dike 
and not a vein deposit. 

ORORITDITE. 

Two dikes of peculiar nature, cutting gabbro, were located, one in the SE. 
i sec. 4, T. 3 N,, R. 15 W., and the other near the center of sec. 9 of the 
same township. The first is 4 to 6 inches thick and cuts a large gabbro mass 
near the contact with the granite, toward which it Ixjars. The other is 18 inches 
to 2 feet thick and occurs in the same gabbro area, but at a }K)int where the 
gabbro is less than one-fourth of a mile in width and is bounded on each side 
by granite. As in the first instance, the dike bears across the gabbro and towaid 
the granite. In neither case, however, could the dikes be traced into or connected 
with the granite on account of the disintegrated and bowldery nature of the 
latter near the bases of the hills at the contact with the gabbro. While the 
general bearing of the larger dike is east-we^t, it appears to have been folded or 
distorted. It curves in different directions, and inclines at various angles, from 
nearly flat to a vertical position. 



a Geology of the Wichita Mountains: Bull. Geol. Soc. America, vol. 2, 1900. pp. 127-144. 
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This dike rock is reddish to greenish gray, and granular in texture. Usually 
on eacli side near the contact it is coarsely crystalline and resembles pegmatite 
in structure, wliile toward the center it becomes by degrees finely granular; and 
with the variation in structure there is a gradation from light to dark colors, 
giving the dike a rudely banded, vein-like appearance. 

On microscopic examination it is found that a large amount of (juartz and 
feldspar in irregular masses is penetrated by elongated crystals of a nearly black 
aegirite. There is a rapid transition between the coarse border and the interior, 
which is very fine textured and in which individual crystals can not be distin- 
guished by the unaided eye. The prevailing color of the interior is dull green. 
Another portion in an intermediate position is a little less finely grained, and 
individual crystals can be made out in hand specimens. This has a slightly 
different composition from the rest, and the relation of the two is not clear. 
Under the microscope the rock is found to be composed of quartz, feldspar, 
and aegirite. The different occurrences show slight variation in the character 
of the feldspar, but the average is orthoclase and microperthite or microcline- 
microperthite in nearly equal proportions, with albite and some anorthoclase. 
Quartz follows the feldspars in the importance of its occurrence, ^girite is 
abundant, and is fresh and typical in appearance. It occurs in crystals one-half 
to three-fourths of an inch long in the border zone, and in fine acicular needles 
or mesh-like aggregates surrounding the grains of feldspar and quartz in the 
interior of the dike. It has the appearance of having been developed later than 
the feldspars. As well as can be determined from a microscopic examination, 
the rock is practically the same as the grorudite described by BrOgger.* 

A few specimens from different parts of the same dike would probably have 
nearly the same chemical composition as the rock described, but the soda-rich 
pyroxene appears in very subordinate amounts and its place has been largely 
taken by arfvedsonite. In other details the rock is also different from the 
grorudite. Albite in irregular laths is the most prominent feldspar, and with it 
is associated microperthite, but little or no orthoclase. Quartz is abundant, and 
the arfvedsonite, often intergrown with jegirite, is a most striking constituent. 
iEgirite is also found free from arfvedsonite, in needles and larger masses, but 
it is a distinctly subordinate mineral. 

SEDIMENTARY ROCKS. 

In the Wichita region and the Arbuckle Mountain region the formations 
below the '*Red Beds" agree in all essentials, both in lithologic characters 
and in age, in so far as they are exposed, and are of essentially the same thickness. 



«Zeit«chr. fur Krjst., vol. in, 1890, pp. tio-CU; Eruptivgest. d. Kristlaniageb., I, Grorudit-Tingualt Sorie, pp. 46-48, Kris- 
tiania, 1894. 
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Therefore the olassitieation and the formation names employed for the Arbuckle 
region are ased ali>o for the Wichita Mountains. 

CAMBRIAN ROCKS. 

Reagan Haiuhtone. — The Reagan sandstone is the lowest Cambrian formation 
in the Wichita region, and it rests on the eroded uneven surface of the granite 
porph\'ry, from which most of its materials have been derived. The formation 
is known to outcrop in this region in but four areas. The largest of these 
lies on the northeastern side of the large mass of porphyry east of Blue Creek 
Canyon and is beneath the thick section of Cambro-Ordovician limestone, which 
follows in regular stratigraphic succession. The other three areas are near the 
northwestern end of the group of limestone hills, 8 to 12 miles northwest of and 
in the strike of the large area near Blue Creek Canyon. The same granite- 
porphyry either is exix)se<l near ])y or is in contact beneath the Reagan sandstone 
and the Cambro-Ordovician limestones. Between these smaller outcrops of the 
Reagan sandstone, as well as in many other places where the succeeding limestone 
indicates that it should occur, the Reagan sandstone is concealed by the wide- 
spread "'Red Beds" deposits. In all the occurrences cited the Reagan sandstone 
dips in a northeasterly direction and is so aligned in strike as to show, without 
doubt, that it is ccmtinuous ])eneath the "•Red l^s." 

In a part of the larger area east of Blue Creek Canyon the Reagan sand- 
stone is repeated in parallel l)elts by faulting. The fault approaches the stratified 
roc'ks in the poq)hyry from beneath the ""Red Ifeds,-' bearing nearly due north- 
west. The downthrow is toward the southwest, giving sufficient displacement to 
bring the whole section of the Reagan sandstone agiiinst the belt of porphyry 
which occurs between the duplicate outcrops of the sandstone. The displacement 
due to faulting decreases toward the northwest and comes to an end near the 
northwest corner of sec. 1, T. 4 N., R. 13 W. The normal dip of the rocks is 
toward the northeast, varying from a few degrees to al)out 25"^. Next to the 
fault on the southwest or downthrown side there is a reverse dip, due to the 
upward flexing of the strata in the faulting, which is sufficient to produce a 
narrow synclinal fold a mile or more in length, ending in a spoon-like form, with 
porphyry upon each side and ))eneath. The Reagan sandstone is softer than 
either the i)orphyry l>eneath it or the succeeding Arbuckle limestone. In conse- 
quence it forms the base and northeast side of valleys, and foiins bluffs and steep 
slojx^s in which the rocks are admirably exposed. The section accompanying the 
map illustrates the relations and structure of the rocks, including the Reagan 
sandstone, across the northeast corner of T. 4 N., R. 13 W. PI. VIII, Jl, is a 
view of the Reagan sandstone and associated rocks in the NE. \ sec. 12, T. -A 
N., R. 13 W^., looking northwest. The porphyry uix)n which the Reagan sand- 
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stone rests is on the left, unci the Arbuckle al)ove the sandstone caps the mountain 
on the right. 

Tlie Reagan sandstone is approximately 30() feet thick and is composed of 
hard and soft sandstone, grit, conglomerate, shales, and siliceous shell limestones. 
The section of the formation is essentially the same as in the western end of the 
Arhuckle Monntiiins. In each cast* porphyry is beneath it, and the limestone 
which overlies the Reagan is of the sann* nature and contains the same fossil 
fauna. In both localities the Reagan formation is made up of conglomerate com- 
posed of porphyry pebbles and included basi(! rocks, gritty light-brown to gray and 
greenish sandstones, greenish clay shales, and siliceous limestones, intersti*atilied. 
The limy layers contain many species of Camlirian fossils, which were carefully 
collected, but which have not yet been thoroughly stu<Iied. The conglomerate 
occurs invariably near the base as local beds or lentils, while the calcareous sand- 
stone and limestone beds an* without exception in the upper part of the formation. 

From Blue Creek Canyon northwest towaicl Rainy Mountain Mission the 
Reagan formation should occur, in the natural order of succession, beneath the 
*^Red Beds" plain, between the igneous rocks of the Wichita Mountain group and 
the limestone of the long ridges to the northeast. Southeastward of Blue Creek 
Canyon, beneath Fort Sill, and westward from Fort Sill, its stratigraphic position 
is between the porphyry of the Carlton Mountains and the limestone of the hills. 
These limestones are in the lower part of the Ordovician, and their southward 
dips indicate that the Reagan sandstone is concealed unconformably beneath the 
"Red Beds." The basal "'Red Beds" grits outcropping at the eastern end of the 
Carlton Mountains resemble parts of the Reagan formation occurring east of 
Blue ('reek Canyon. As the "Red Beds" grit is composed of porphyry material, 
and is for the most part a local beach deposit like the Cambrian sandstone, it is 
necessary to determiiu^, the relations of the individual beds to the succeeding 
strata in order to classify them. 

CAMBKO-OUl>OVICIAN ROOKS. 

Arhuckle l'niu'shm*\ — Above the Reagan formation in conformable succession 
is a great limestone section essentially the same as the Arbuckle formation in 
the Arbuckle Mountains, where the lower part, practically the lower third, was 
found to be Cambrian, and the upper two-thirds Oixlovician in age. Near the 
transition zone, between the rocks of the two periods, very few fossils have 
been found, so that precise distinctions as to age can not be made at the present 
time. The same conditions of deposition seem to have occurred in the Wichita 
region as in the Arbuckles, and the rocks must be classitied in the same manner. 
There seems to be no reason to doubt that the formation is continuous from one 
region to the other beneath "'Red Beds" deposits. 
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With the exception of three small areas near Rainy Mountain Mission, all 
the limestones found in the area mapped Ijelong to the Arbuckle formation. 
There are certain thin limy strata in the "Red Beds*' which do not resemble the 
older limestones and have not l>een mapped. The Arbuckle limestone is comp>o8ed 
of a practically continuous succession of limestone beds, usualh" less that 5 feet 
in thickness and aggregating 4,000 to 0,000 feet. The individual beds vary from 
dense, tine -grained, white limestone to cream-colored dolomitic limestones inter- 
stratified with slightly argillaceous and siliceous lime beds, which are usually not 
so hard. Occasional cherty limestones, and more rarel}' thin beds of chert, occur. 
As a result of the variable hardness of the beds, the more resistant ores have a 
relief which rarely exceeds 5 or H feet. A complete section of the formation is not 
exposed in the region. The thickest exposure found is northeast of Blue Creek 
Canyon, where the rocks outcrop in regular succession from the base upward 
for nearly 8 miles. The dip is approximately 20^ NE., and approximately 4,000 
feet of this limestone are exposed. It is estimated that the same thickness is 
exposed in the long arm of limestone hills outcropping northwestward from Blue 
Creek Canyon. Neither the top nor the base of the limestone, has been found 
in the hills west of Blue Creek Canyon. The lowest limestones exposed beneath 
the "Red Beds" at the southwevStern side, however, are near the base and those 

*^of the northeastern side are toward the top. 

, The elongated limestone hills at the northeastern part of T. 6 N., R. 15 W., 
and in the southwestern portion of T. 6 N., R. 15 W., belong most likel^^ below 
the middle of the section, as determined b}' the abundant fossil remains and by 
the position in the strike of the*^ central part of the section exposed in the large 
limestone mass toward the southeast. Likewise the limestones occurring at the 
quarries southeast of Fort Sill, south of Signal Mountain, and farther west at 
the eastern end of the Quana Mountains, belong below the middle of the Arbuckle 
formation. The limestone in the hills south of Signal Mountain and farther west 
yields an abundant faima of upper Cambrian and lower Ordovician age, closely 
related to that of the quarries at Fort Sill and of the limestone hills 3 to 6 
miles southeast of Rainy Mountain Mission. The Arbuckle limestone north and 
east of the porphyry in T. 6 N., R. 14 W., is in the lower and middle part of 
the formation and belongs to the Cambrian and lower Ordovician part^ of the 
section. 

ORDOVICIAN ROCKS. j 

In the Arbuckle Mountains there is a formation 1,500 to. 1,800 feet thick, 
composed of limestone, shale, and sandstone, known as the Simpson formation, 
which occurs l)etween the Arbuckle and Viola limestones. The rocks of this 
formation are for the most part softer than the contiguous limestone upon each 
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side, and are therefore more easily degraded and usually form low lands or 
valleys. In the AVichita region this formation, if it occurs, is entirely concealed 
by the '"Red Beds" deposits wliich surround the Ar))uckle and Viola limestone 
exposures. As far as can be determined from the exposures of the rocks which 
elsewhere occur above and below it, the Simpson formation, if the ""Red Beds" 
were removed, would outcrop in an area extending northwestward from the north 
end of Blue Creek Canyon, passing just south of the porphyry areas in T. 6 N., 
R. 14 W., and the three Viola limestone hills south of Rainy Mountain Mission, 
in an area east of the group of limestone hills bearing northwestward from the 
vicinity of Richards switch; and in an area south of the isolated limestone hills west 
of Fort Sill. These references as to location are given because along the streams 
in some of these areas the ''Red Beds'' may have been eroded to a sufficient 
depth to expose the Simpson formation. 

Viola Umestoi\e, — This formation, which occurs in full exposures throughout 
the Arbucl^le Mountain region, is found here in three isolated areas, which form 
small rounded hills rising from the level of the "'Red Beds" plain in the vicinity 
of Rainy Mountain Mission. They are in alignment, and extend northwest-south- 
east, in the general strike of the limestones of this region. The thickness of the 
formation, where it is known in the Arbuckle region, is 500 to 700 feet; but 
in the Wichita region only 200 to 300 feet of the middle portion are exposed. 
The formation is composed entirely of limestones, with occasional thin lentil-like 
bands and nodules of chert. Its lithologic character, including the chert, and the 
abundant Ordovician fauna, are practically the same here as in the Arbuckle Moun- 
tain country. According to its ix)sition in the section this limestone should occur 
beneath the ''Red Beds'' noftheast of the group of limestone hills bearing north- 
westward from the vicinity of Richards, and also south of the eastern end of 
the Arbuckle limestone south and southwest of Fort Sill. The Viola formation 
is thinner and more easily eroded than the Arbuckle limestone, and as a result 
has been generallv worn down to lower levels and concealed by the ''Red Beds" 
deposits. Most likely it will not be found in the region beyond the limited areas 
near Rainy Mountain Mission. 

In the Arbuckle Mountjiins the Viola limestone is succeeded by a soft, green- 
ish shale formation termed the Sylvan shale. This is at the base of the Silurian, 
and is followed in turn ))y the Ilunton limestone, which reaches to the Devonian. 
Above the Silurian is Devonian chert, which is succeeded by a very thick section 
of Carboniferous rocks. In the Wichita region all these rocks, so far as known, 
are concealed by " Red Beds " deposits. So far as can be judged from the 
structure of the Wichita uplift, the Silurian, Devonian, and Carboniferous rocks 
should occur successively farther away from the axial part of the range beyond 
the outcrop of the Ordovician stmta. 
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CARBONIFEROUS ROCKS. 

PERMIAN. 

'•7?<?rf Beda,''^ — In discussing the stratigraphj^ of the Arbuckle ]Vfountain.s it 
has been stated that the ''Red Beds-' lap a(*ro8« the western end of the Arbuckle 
uplift unconfornmbly, concealing the westward continuation of the folded strata, 
including Ordovician, Devonian, and Carboniferous rocks. From the western end 
of the Arbuckle uplift these "Red Beds'' deposits are continuous westward to 
and around the Wichita Mountains, also northwestward into northern Oklahoma 
and Kansas, and south westward into Texas. 

From the Arbuckle Mountains westward, midway to the Wichita Mountains, 
the ''Red Beds'' dip slightly (less than 5"^^) toward the west. Still farther west, 
to and around the W^ichita Mountains, the rocks are practically flat. In and near 
the Wichita Mountains the ''Red Beds" have local variable but low dips away 
from the mountains, which were the old Permian land areas. These local struc- 
tures are considered to be due to deposition of the sediments upo» the sloping 
near-shore sea bottom rather than to post-Permian erogenic movements. 

In the earlier part of the season of 1901 and at other times Dr. George I. 
Adams made some stratigraphic investigations concerning the age of the ''"Red 
Beds" in northwestern Indian Territory and eastern Oklahoma north of Canadian 
River. He observed^ that the red color transgressed the strata diagonally from 
the upper part of the Pennsylvanian into the Permian. No indications of uncon- 
formity between the Pennsj'^lvanian and Permian, or between other stratigi-aphic 
horizons, were noted by Doctor Adams. If there is no unconformity at the base of 
the ''Red Beds" north of Canadian River, and if Doctor Adams's observations 
concerning the color of the strata are correct, the stratigraphic unconformity of the 
"Red Beds" across the Arbuckle uplift is local, though the uplift was profound 
and the erosion great from the beginning of the uplift through a large part of 
"Red Beds" time. 

In this discussion no attempt will be made to distinguish by names or classify 
the various deposits which make the "Red Beds" except as to order of succession, 
since they were studied only across the wesUM'n end of the Arbuckle uplift, along 
the section between the Arbuckle and Wichita Mountain regions, and in proximity 
to the pre-Permian rocks of the Wichitas, and since no fossils, except a few small 
fragments of bones which were not determinable, were found in them. The base 
of the "Red Beds" was traced across the upturned and eroded beds of Ordovician, 
Silurian, Devonian, and Carboniferous strata from the northern side of the 
Arbuckle Mountains southward nearly 30 miles. The "Red Beds" were observed 
to dip westward regularly at low angles. It has h>een explained that in the 

a The Carboniferous and Permian ago of the Red Beds of eastern Oklahoma from stratigraphic evidence: Am. Jour. 
Serf,, 4th ser., vol. 12, 1901, pp. 383-386. 
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Arburkle Mountain region the older rocks above the Cambrian dip steeply and 
at various angles toward both the north and the south, with strikes generalU' north- 
west and southeast. 

In the section from the Arbuckle Mountains westward the ''Red Beds'' are 
naturally divided into three meml>ers, formations, or divisions, the extent of 
which toward the north and south has not been determined. The basal member, 
resting upon the upturned and ero<led older rocks, varies in comj)08ition along 
the strike according to the character of the older rocks in the vicinity from which 
it was in large part derived. At the western end of the axial portion of the 
Arbuckle uplift, where limestones appear in contact with the '' Red Beds," the 
basal conglomerate is composed chiefly of limestont^ pebbles derived directW from 
the degraded older Paleozoic rocks. These limestone conglomenites are interstrati- 
lied with grits, greenish and red shales, and siliceous fragmental limestones, or 
tine limestone conglomerates, which have a total thickness of probably 200 feet. 
South of the axial portion of the Arbuckle uplift, where the '*Red Beds" 
approach outcrops of Devonian chert and Carboniferous sandstone, the basal 
member is com^wsed chiefly of cherty conglomerates interstratiried with the 
greenish and reddish clays and soft sandstones. Still farther south, where the 
basal member rests only upon the Coal Measures sandstones and shales it is 
composed chiefly of soft sandstones and shales, with a minor amount of conglom- 
enite. Above Carboniferous rocks these sandstones and shales of the " Red 
Beds" usually contain less red color than above the limestones and shales of the 
Ordovician^ and Silurian. As these coarse strata near the base of the ''Red 
Beds " are followed westward they are found to continue for several miles before 
disappearing beneath higher sediments. In their extention westward the con- 
glomerate element is found to decrease, the limestone conglomerates giving place 
to argillaceous tough limestone beds associated with the same green and red 
shales, grits, and soft sandstones. 

Succeeding the basal conglomerate series are ext<>nsive deposits of friable 
sandstones dipping very slightly toward the west. The outcrop is about 10 
miles wide, extending westward from near the western line of the Ardmore quad- 
rangle to the vicinity of Velma. These sandstones contain local deposits of grit 
and flne conglomerate composed chiefly of foreign quartzitic material consisting 
of smooth w^hite, red, and blackish pebbles. This sandy formation is so friable 
that it breaks down readily and forms deep sandy soil, so that fresh exposures 
of the rocks are of rare occurrence. The main topographic features of this sand- 
stone are low rounded hills and generally wide smooth v^alleys, which are covered 
by a sparse growth of scrubby oak timber with thick scrubby underbrush or shin 
oak. In places the sandstone and grit is indurated and occurs at the surface in 
large rounded bowlders which weather usually to a brick-red color. The thick- 
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ness of these sandy deposits can only be estimated, since so few exposures of the 
rock occur that dips can not be determined. It is probable, however, that it does 
not exceed 200 feet. 

A!)ove the sandy member and continuing from the vicinity of Veima west- 
ward to the Wichita Mountains are deposits of bluish, greenish, and red shales, 
with some grit, thin cross-bedded sandstone, and siliceous limestone. The sliales 
predominate over the other associated deposits to such an extent as to give the 
topographic appearance and general character of a claj' formation. From Velma 
to Fort Sill the surface is generally smooth and occupied by prairie except in the 
immediate valleys of the larger streams. Here and there are low butte.s and 
terraces capjwd by thin sandstone and limestone beds which are interbedded 
with the shales. So far as observations could be made, these shale beds are 
practically flat. 

Near Fort Sill the sediments undergo certain changes due to their proximity 
to the Wichita Mountains, which were land masses during a great pail if not all 
of the time in which the "Red Beds'- were deposited. In the east side of Cache 
Creek Valley, southeast of Fort Sill, 60 to 100 feet of the ''Red Beds" are exposed 
in the bluffs, deep gullies, and slopes. Here the deposits consist of red and 
greenish clays, thin strata of grit and fine conglomerate, and argillaceous lime- 
stone. The greenish and red clays in part contain numerous calcareous nodular 
concretions, which seem to owe their origin, to a certain extent at least, to the 
segregation of the calcareous matter in the clays during their disintegration. 
The fresher exposures of the rocks seem to contain fewer of these concretions than 
appear in the weathered surfaces. Other exposures occur along the eastern side 
of . Cache Creek Valley east and northeast of Fort Sill. On ascending Medicine 
Creek from its mouth, toward Carlton Mountains, one finds that the conglom- 
erate and sandy beds become more pronounced, many layers being composed of 
coarse igneous material in a matrix of grit and sand and interstratified with blue 
clays. Naturally the coarser and more durable beds are best exposed and little can 
be seen of the clay deposits. At the eastern end of Carlton Mountains, immediately 
west of the Rifle Range, these conglomerate beds rise at low angles and come in 
contact with the porphyry. From round and subangular pebbles the material 
changes westward to angular breccia in the contact with the porphyry. PI. VIII, 
By illustrates the contact phenomena in a small gulch entering Medicine Creek 
at the extreme eastern end of the Carlton Mountains. In the bluff above and 
upon the east side of the gulch shaly and gritty beds succeed the contact 
breccia and conglomerate. Wherever the stratified rocks are exposed near the 
porphyry masses the conglomerate beds are found to be composed chiefly of 
porphyry materials, though granite bowlders and pebbles are found. Excellent 
exposures of the conglomerate and grit occur in the deep gullies between the 
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two easternmost hills of the Carlton Mountains, south of Medicine Creek, and 
2 miles west of Fort Sill. Farther up Medicine Creek, south of Mount Cummins, 
the present stream is found to be located in an old valley which is still partially 
filled by the ''Red Beds" conglomerate. Southeast of Mount Cummins the con- 
glomerate is exposed in numerous places along the bluffs of the creek, and is 
noted to be composed chiefly of coarse granite conglomerate with occasional 
bowlders and pebbles of gabbro and diabase dike rocks, the latter of which is 
found penetrating the gabbro, granite, and porphyry. The mountains upon either 
side in this vicinity are composed of granite. The gabbro occurs farther up 
the valley north of Mount Scott. 

It has been explained in discussing the geography that the plan and general 
configuration of the mountains and hills composed of the older rocks originated 
in Permian time. The contact of the later sediments with these old rocks 
represents or locates the shore line of the sea at certain stages in Permian time. 
Since the land masses at that time were not large the conglomerates and associated 
sediments laid down in contact with them are limited in area and represent 
materials degraded chiefly by the action of the waves upon the shores. North 
of Medicine Bluff the porphyry conglomerate gives place to sediments of red 
clays in the plain, which farther north change to grits and then to coarse lime- 
stone conglomerates in contact with Cambrian and Ordovician limestone. Farther 
northwest, 6 miles north of Mount Cummins, the composition of the contact 
conglomerate changes from limestone along the strike of the beds to chiefly of 
porphyry against the porphyry hills. In Blue Creek Canyon 6 miles north of 
Mount Scott low hills of "Red Beds" conglomerate composed of mixed limestone 
and porphyry materials are found in the old Permian valley. Similar conditions 
prevail in all the larger valleys in the limestone hills where the present streams 
are cutting into and removing the "Red Beds" conglomerates. In the resurrected 
Permian vallev now occupied by a tributary of Cache Creek, which flows across 
T. 4 N., R. 12 W., the coarse limestone conglomerate is especially well exposed. 
All of the streams at the present time flowing from the mountains of the 
Wichita region are small, and are not degrading the harder rocks with •suflScient 
power to remove coarse materials. Upon entering the "Red Beds" deposits the 
streams cut into and transport the conglomerate and associated sediments without 
depositing, as fans or overwash deposits, the fine materials brought down from the 
igneous and older stratified rocks. The tributaries of Medicine Creek flowing 
south from the limestone hills in T. 4 N., Rs. 13 and 14 W., cut deeply into the 
conglomerate and expose the older Ordovician limestones, and make rough low 
hilly country at the border of the "Red Beds" plain. In the plain between 
the Wichita Mountains and the limestone hills, and in the wide embayment of the 
"Red Beds" deposits northwest of Blue Creek Canyon, the relations between 
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the contact conglomerate and red-clay sediments are well shown.. In the immediate 
valleys of the streams flowing south across and from the Qiiana Mountains the 
relations between the granite conglomerate and red sediments are the same as 
between the limestone conglomerates and red sediments above descrilx>d. In some 
places especially noted, near Quana Parker's house, in the NE. i sec. 2, T. 2 
N., R. 14 W., and in sec. !♦>, T. 8 N., K. 15 AV., the granitic conglomerates occur 
in a matrix of red, calcareous, gritt}^ clays. 

The gabbro of the Wichita region is a hard rock, but it is more easily disin- 
tegrated and degraded by erosive agents tlian either the granite or the porj^hyry. 
As a consequence the rocks of the gabbro areas were worn down to lower levels 
during the transgression of the Permian sea than were the granites and porphyries 
or ev^en the harder limestones. On account of the nature of the gabbro rocks 
the contact sediments of the '" Red Beds" are composed of liner materials. Coarse 
gabbro conglomerates have not been found in the "'Red Beds.-' On the contrary, 
red clays interstratilied with calcareous, slightly indurated, gritt}^ beds of red color 
have been noted to occur in contact with the gab))ro. Such sediments were 
noted especially in the valley of Otter Creek immediately north of the Upix;r 
Narrows; also in contact with the small gabbro hill on the banks of Red River 
in the southeast corner of sec. 0, T. 4 N., R. IS W. Some of the coarser contact 
mater>i(l from the gabbro is slightly angular, and the rock somewhat resembles 
a tuff. 

As the igneous and limestone areas were reduced to small size, isolated and 
almost submerged during Permian time, no coarse materials were brought into 
the sea by stream erosion. In consequence the contact sedimentii of the ''Red 
Beds" in such cases were composed of disintegrated materials in situ. At the 
present time, therefore, fine sandy sediments of the '* Red Beds'' are in contact 
with the small igneous and limestone areas. They are usually surrounded by 
the level plain, so that recent erosion of streams rarely exposes the sediments in 
contact with the older rocks. 

QUATERNARY R(X:KS. 

Pleisfoceyie (f) (/ravels. — In relatively recent geologic times certain gravel and 
pebble deposits of quartz and (juartzites were introduced into the region of the 
Wichita Mountains and now occupy the high levels of certain divides as well 
as terraces cut in the igneous rocks associated with some of the larger streams 
100 to 200 feet above the general level of the plains. These gravels are well 
rounded, smooth, and are composed of quartz and quartzitic material of various 
colors, chiefly of light and dark shades. The gravels were noted especially on 
the divide east of Fort Sill, near the east line of the present Apache Reserva- 
tion. They occur simply scattered upon the suiface or as a very thin mantle. 
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Gravels of similar nature were noted also upon the granite mass at the north 
end of the Lower Narrows, al>out 6 miles northwest of Snyder. Gravels in this 
instance occur upon a terrace in the granite representing an old level of Otter 
Creek before cutting its present narrow and sharp channel. No original mate- 
rials of the nature of these gravels have been found in the region of the 
present drainage of Otter Creek, and their occurrence here indicates that they 
were introdur^ed into the region by a system of drainage and under conditions 
not now in existence. 

STRUCTURE OF THE WICHITA MOUNTAINS. 

The Wichita Mountain range, except the group of outlying ridges on the 
northeastern side and some low detached hills on the southern side, near the 
eastern end, is composed entirel}^ of igneous rocks. These igneous rocks are 
separated into more than 2o() detached areas, and form mountains and hills which 
range from closely connected groups of 150 square miles in area to isolated, shai*p 
knobs which rise above the plains like islands. The numerous small igneous 
mountains and hills in the western half of the range are especially broken and 
disconnected. All these groups and mountains are surrounded by the nearly 
horizontal ''Red Beds'' deposits which extend on all sides of the range for long 
distances. The}' conceal the rocks of the Wichita Mountains to such a degree 
that no adequate conception can be had of the extent of the Wichita uplift. 
The archipelago-like arrangement of the granite mountains and peaks in the plain 
leaves one to assume that onh" a small part of the igneous core of the Wichita 
uplift is now exposed. 

EVIDENCE OF DISTURBANCE IN THE IGNEOUS ROCKS. 

These igneous masses of the AVichita Mountains possess certain general, yet 
pronounced, structural features. The gianite has been intruded through the 
gabbro in part at least, and spread out in a broad way upon it. Where the 
erosion of Permian and more recent times has imcovered the gabbro in what is 
now the generally level plain, the gabbro areas are found to be oriented in a 
direction approximately N. OiH to TO- W., as would be the case if the gabbro 
had been arched m the axial part of an uplift. The larger areas of granite, 
especially in the Wichita and Quana mountain groups, and also a great number 
of the smaller ones, are found to be oriented ui the same general northwest- 
southeast direction. 

In the strike of the principal ridges and lines of peaks and hills there are 
marked zones of fracture or of major jointing. These lines of jointing are 
especially pronounced in the western part of the Wichita group, south of Mount 
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Baker. The same structures were also noted near the eastern end of this group^ 
east of Mount Cummins, and in the porphyry of Carlton Mountains. In the 
western part of the range the major joints are generally nearly vertical, while in 
the eastern part they are inclined toward the south at an angle of 30"^ to 40^. 
This inclined jointing is so marked in the eastern end of the Carlton Mountains, 
and in the gmnite east of Mount Cummins, that at a distance it resembles pro- 
nounced stmtification. Such structures, causing variable weaknesses in the igneous 
ro(^ks, were emphasized to a marked degree b}- agents of degradation before the 
present drainage system was established. Especially pronounced instances are 
found in the large resurrected Permian valley leading southeastward from Mili- 
tary Pass between the Wichita and Quana mountain groups. Other instances 
of less pronounced character occur in the southern part of the Wichitas, south of 
Mount Baker, where the ridges and valle3's are oriented in the general strike of 
the range. These niiijor structural lines would naturally l>e concealed to a greater 
extent in the large area of isolated mountains and hills making the western half 
of the range. Many of these mountains, however, and even some of the smaller 
ones, show pronounced major joints in zones of crushed rocks bearing in north- 
westerly directions. Such occur in Elk Mountain and are especially marked in 
Twin Mountains. Aside from the major jointing, it will be observed by refer- 
ence to the map that with a few exceptions these igneous mountains and even 
small hills have their longer axes armnged in directions generally northeast and 
southwest. This is doubtless due to the survival of the more resistant zones of 
the igneous mass pamllel with the lines of weakness. Conspicuous jointings 
occurs in other directions than northwest and southeast, the most pronounced 
being north and south, across the trend of the range. 

FOLDING AND FAULTING OF THE STRATIFIED ROCKS. 

In the stmtified rocks on the northeastern side and near the eastern end of 
the range the structures are more pronounced and easily inteipreted. These rocks 
occur in a small part of the Wichita Range, and, as explained above, are prob- 
ably but a small part of the uplift. The Ordovician limestone, which forms part 
of the thick Arbuckle formation, occults upon the northern and southern sides of 
the Wichita Mountains near the eastern end, showing that this part of the range 
is anticlinal. On the southern side of the range, south and southwest of Signal 
Mountain, the remnants of the Arbuckle limestone occur in low hills dipping 
south and southwest. One-half mile southeast of Fort Sill the same limestones 
dip toward the southeast. Beginning north of Fort Sill and extending north- 
westward to Rainy Mountain Mission the whole Cambrian section and a large 
part of the Ordovician are exposed in a group of straggling, low mountains and 
hills. Local foldings occur in these limestone hills, and there are repetitions in 
the section due to faulting, but throughout the exposed section of 4,000 to 6,000 
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feet the genei*al direction of the dip Is toward the northeast. Thi.s shows, 
without doubt, that these separated limestone hills are parts of the northern limb 
of a great anticlinal fold which encompassed at least the eastern part of the 
Wichita llange. The diverging strikes of the rocks on each side of the eastern 
end of the range indicate that the uplift liecame broader and probably more 
elevated toward the northwest. 

The Reagan sandstone, the lowest Cambrian formation in the region, lies 
upon the porphyry east of Blue Creek Canyon and dips northeast. In the 
strike of these rocks toward the northwest the same formation occurs in three 
small areas near the northwestern end of the group of hills, dipping in the same 
northeastern direction. Below^ it is tlie same kind of porphyry as at Blue Creek 
Canyon, and above it the limestone occurs, dipping in order toward the north- 
east. Between these small areas, and separating them from the larger limestone 
mass east of Blue Creek Canyon, the "lied Beds" conceal all the older strata. 
The regularity of the dip and strike of the Reagan sandstone and succeeding 
limestones indicates, without nmch doubt, that they occur and continue without 
break beneath the "Red Beds" deposits. 

Blice Creek faults, — In the vicinity of Blue Creek Canyon, alK>ut 7 miles 
north of Mount Scott, there are two lines of pronounced faulting. One of these 
faults follows the canyon and bears nearly N. 20"^ W., while the other is a mile 
east of the canyon and strikes N. 40 ' W. In each case the throw is downward 
and toward the southwest, and the displacement of the canyon fault is greater 
than the other. As a result of the displacements due to these faults the por- 
phyry mass has been elevated with respect to the stratified rocks on the north- 
eastern and southwestern sides. The Blue Creek fault extends toward the north- 
west and separates the limestone and porphyry areas upon the northeast from 
limestones of the same character and age upon the southwest. Excepting along 
Blue Creek Canyon the extensive deposits of '"Red Beds" conceal the fault con- 
tact. The limestones southwest of the porph} it belong to the same formations 
as those upon the northeast, and in each area the dips are in the same general 
northeastward direction, exposing the limestone section to a thickness of 4,000 to 
5,000 feet. 

The lowest rocks exposed on the southwestern side of this group of lime- 
stone hills are below the middle of the Arbuckle formation and belong to the 
upper part of the Cambrian or the lower part of the Ordovician, the Reagan 
sandstones being here concealed by the "Red Beds," so that there is no positive 
connection, except as indicated by the structure, between the igneous mass of 
the Wichitas and the limestones. The structure section accompanying the map 
of the Wichita Mountains shows the succession of stratified rocks and their 
relations to the igneous masses. 
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A(iK OF THK WICHITA MOUNTAIN' UPLIiT. 

Ill tht' (list'ussioii of the stnitij^mphy it was shown that the igneous rocks of 
tlio H'^ion arc pre-C'amhrian. The succ(»eding Cambrian and Ordovician »trata^ 
ro|)n»srntin^ upproxinmti^ly fJjMMi feet of strata, ))ear no evidence that they were 
oither fnldinl or uplifted into land at any time during their deposition. The 
HH'k scM'tion rx|)osrd in this n»gion is an ahuost exact i"epetition, both in strati- 
graphy and in structure, of that of the Arbuckh* Mountain uplift. As already- 
explained, the Arbuckh* uplift In^gan near the middle and culminated near the 
close of IVnnsylvanian time, previous to the deposition of the "Red Beds.^ 
which tHH»ur now undisturlnHi U^tween the Arhuckle and Wichita mountain.^. It 
has Ihhmi shown that theiv is no nvoixl to indicate that the rocks of the Wichita 
Mountain n»gion were disturlnnl during the deposition of the Cambrian or 
Onlovician i\H*ks, nor since the formation of the ••Red Beds;-' therefore the 
deformation of the nvks tH'curred In^twiMMi Oniovician and Permian time. The 
Arhuckle and Wichita mountains (nrur near together, have the same general 
f\»nu of uplift and >tructural trends, and show identical stratigraphic sections 
and igm*i>us i\>ivs of similar character and age, which are good reasons for sup- 
jKv^iug that their uplifting and folding cHvuriiHl during the latter part of the 
iarKHutVr\>us jhmkhI. Monn^ver, >iniv thesi^ uplifts are in alignment it is nat- 
uml to pn*sume that they U^long to the same uplifts being separated by deposits 
which wcr^ laid vlown ^imv the fi>lding iKvurriHl, 

NOrrS ON TllK. IH 1 I UUKNi K OF t>UK 1>KIX>SITS IX TITE WICHITA 

MOrXTAlNS. 

With two cxt^vptions, which incluvle the gabbrv^ the oldest igneous rock, and 
a Uval :ind very liuiit^\l dike of grv>rudite in the gabbnn all the igneous rocks 
at^ well ;is the quartz veins v>r dike> of the Wichita Mountains are duplicated in 
the Arlxickle i>»gioii. The texture* of the granites varies in an unim{x>rtant degree, 
but the v;;ninitc-^x>rphyries, ajK»rhyoliles^ dial*aM:\ and quartz are essentially 
identi«.»Hi in the t%^o r\»;^ionv. Mons^ver, they have the s^me age relations, and all, 
\%ith the {.K*N>ihlc c\vx*f>tiv»n of s^nuc i»f the \juartz. an\ without any reasonable 
dvMibt. »»f pre-V'ani'TiHn origin. 

\Vh<Mi the v^ritcr made a <urvc\ v»t the Wuhita ivijivni in l^»U the lands of the 
Kiowa .-ind Coniairchr !v>j^'r\alionN whivh iiu huie it had just Kvn oj^^ned to settlers. 
Fmcncallx ever\ dike hikI igni\>u> iwk whciv it cauK* in vxmtact with another 
vlunviujL: iH»ntra'vi in lextuiv or vvlor had ^hnji pi\vv|KvU\L ^»osi^U's Peiinian ''Red 
IVds" and ^,*ani'>rian sandNtv>iic ami liniCNtono. l^c light vvk>r\Hl granite or aplite 
dikt»^ In the v^Nbiv hikI the [vintN of inlevxvxiloa v^f >iN*h dikes with the diabase 
dikc>s al"^* the vjiutri/ UvIk'> auvi ^l^»rlldlte dike. pi\n\si ev^xvially attractive to 
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the prospector, and it was easy enough to get favorable reports of the occurrence 
of gold and silver in samples submitted to some as.«iayers. 

As in the Arbuckle region, the contact phenomena between the various classes 
of igneous rocks, including the dikes, seen by the writer, gave no encouragement 
to a belief that mineral deposits of value could be found. It is possible, though 
not considered probable, that the precious metals or their ores may occur in small 
quantities as original constituents in these igneous rocks. 

Following the settlement of the lands of the Wichita region in the spring of 
1902, prospecting for the precious metals became more aggressive; the occurrence 
of rich ores of gold and silver were reported, and at some places mining opera- 
tions were begun. These activities resulted in civil disturbances between pros- 
pectors and homestead owners and made necessary a thorough investigation of 
the reported ore deposits. The appended report of Doctor Bain is conclusive as 
to the occurrence of ore deposits of any value in the Wichita Mountains. 
7800— No. 31—04 6 
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B}^ H. Foster Bain. 
IXTRODUCnOX. 

For many years rumors of the occurrence of gold and other ores in the 
mountains have been rife, and even previous to the opening of the country to 
settlement considerable prospecting had been done. When the reservation was 
thrown open to settlement many mining claims were staked out, and repeated 
announcement of the discovery of ore has stimulated prospecting throughout a 
wide territory. Local assayers have constantly reported gold and silver values, 
and occasionally assayers outside the district have found values in ores from 
these mountains, or reported to be from them. On the basis of these reports a 
large number of people have located in the territory and attempted its develoi> 
ment. There have been numerous conflicts as to title, and much litigation has 
arisen. 

The Wichita Mountains have been visited by a number of geologists, but in 
all cases their investigations were either hurried reconnaissances or were directed 
to general problems of geology rather than the study of the reported ores. 
Under the circumstances it was thought advisable to make a special investigation 
of the ores, and this was accordingly done by the author in the month of 
October, 1903. 

The important mining camps in the area extending from Lawton to Lugart 
were visited and samples were taken from the leading mines in each camp. In 
every instance the effort was made to get samples from the prospects upon which 
the most work had been done, or where the most encouraging results were reported. 
It was felt that if even some of these prospects had a demonstrable value, 
others might reasonably be considered as worthy of further effort, but that if the 
best prospects had no value, the less encouraging ones were not likely to 
yield any profit. 

MODE OF OCCURRENCE. 

The geology of the region has already been discussed in considerable detail 
by Mr. Taff. It is suflScient for present purposes to recall the fact that the 
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mountains consist of a core of crystalline rocks, including granite,^ gabbro, 
granite-porphyry, and certain diabase dikes, the whole partially encircled by a 
fringe of Paleozoic limestones. The gabbro and the granite-porphyry at least 
are pre-Cambrian. The granite and the dikes, which include certain rare and 
petrographically interesting types, are eruptive through the older crystallines. 

Prospecting has been confined in general to the area of crystalline rocks. 
Within that area it was found that rocks in five modes of occurrence were l)eing 
prospected: (1) Certain well-defined quartz veins whicli cut both granite and 
gabbro. (2) Diabase dikes which apparently- cut indiscriniiiuiteh' all other igneous 
rocks. ■ (3) Contact of the gmnite and gabbro, particularly where, as often hap- 
pens, the granite sends off into the gabbro long apophyses, or dikes, usually 
assuming an aplitic phase. (4) Disintegration products of the gabbro. (5) Along 
simple shear zones in the granite. 

It will be at once apparent that, of the classes of occurrences a])ove enumer- 
ated, some were of the sort which, in view of the relations of the rocks, might 
well be expected to warrant pros|>ecting. For example, quartz veins very com- 
monly carry gold and other metals in sufficient amount to make the material an 
ore, though it is also true that nianv of the largest and ))est-(lefined quartz veins 
known carry either no values or such low ones a,s to preclude the working of 
the vein. Shear zones in granite, on the other hand, very seldom have been found 
to carry ore, and then only in the immediate neighborhood of well-recognized 
ore • bodies of other types and of considerable richness. Since, however, the 
miners reported assays to show values in all the sorts of occurrence noted above, 
samples were taken from both probable and improbable occurrences; and in many 
cases, as noted below, where no reason was seen for suspecting the presence of 
any values, the owner or person in charge was invited to select samples of what he 
considered his richest material. In all cases where the workings were accessible 
samples were carefully taken across the entire vein. Occasionally these were taken 
in duplicate, and usually, with hand specimens of the wall rock, specimens of any 
horses present, et<*., so that the occurrence of the ore might, if necessary, be 
studied in detail. Having in mind the disappointment which has .so often come 
from incomplete or inaccurate sampling, the utmost care was taken to get fair 
samples of the material which, in case mining was carried on, would be shipped. 
As already suggested, where any bias was introduced it was in the direction 
favorable to the miner, and arose from taking picked samples of the better grade 
rather than average samples of the vein. Whenever possible, with reasonable 



a In an earlier reconnalj«ance trip through the Wichita Mountains, made in 1899, the author studied this granite, 
and found, as he thought, sufficient evidence for considering it eruptive and post-Ordovician in age. (Bull. Geol. See. 
America, vol. 11, pp. 127-144.) Mr. Taffs fuller studies lead him to believe that the roolc is pre-Cambrian. The author 
believes that the matter is still open to recLSonable doubt, but with present knowledge is quite disposed to accept Mr. 
TafTs determination as probably correct. 
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expenditure of time, the owner or his representative was invited to he present 
while the samples were being collected. All the usual precautions were taken to 
prevent possible mixing or salting of samples, and each package was personally 
opened and identified by the author in the Survey laboratory. In all, over 300 
pounds of samples were taken, and 71 assays were made, as detailed below, with- 
out in any case showing gold. 

lilST or SAMPIiES. 

MARY MACLAXE MINE. 

The Mary Maclane mine is near Meers, a small mining camp on the north of Mount Sheri- 
dan. It represents apparently a basic dike cutting through the gabbro. This mine was full of 
water, and it was impossible to collect any other than the dump sample. 

W-1. Sample of vein material collected from dump. 

GOLD BLOSSOM MINE. 

The Gold Blossom mine is located in the N\V. J sec. 11, T. 3 N., R. 13 W. It is known 
occasionally as the Campbell mine. The workings include a shaft about 65 feel deep, with a tun- 
nel at the l)ottom driven west a reported distance of 30 feet As the lower tunnel was full of 
water it was impossible to collect samples of the vein, except in the short drift about 40 feet below 
the surface. In the case of each sample the surface was first picked clean and then material was 
chipped from the whole exposure of the rock. The material thus obtained was quartered down 
to about 5 pounds weight. 

W-2. The sample represents an average across a streak of granitic material cutting the gabbro 
country rock. It lies next to a north-south dike of some basic rock from which the next sample 
was taken. 

W-3. Sample of basic dike from crosscut noted above. 

BUCKHOBX MINE. 

The Buckhom mine, in sec. 2, T. 3 X., R. 13 W., shows the usual gabbro country rock cut by 
a thin sheet or dike of an acid rock, probably related to the granite which forms the main mass 
of Mount Scott. In the gabbro near the contact with the acid dike are small cr3r8tals of pyrites 
and chalcopyrite. As the mine was full of water it was impossible to collect samples from the 
face of the workings, and a picked sample was accordingly taken from the best material found 
on the dump. 

W-6. Picked sample of pyrite- and chalcopyrite-bearing rock from the Buckhom dump. 

ROSBDALE MINE. 

The Rosedale mine is located in sec. 3, T. 3 N., R. 13 W., and the material being worked 
represents the clays formed by the distintegration of the gabbro country rock. This material is 
known locally as a volcanic ash, but has nothing to warrant the designation, as it is simply 
residual material. 

WS. Average sample from stock pile at Rosedale mine. 

THREE BOYS CLAIM. 

This claim is in sec. 33, T. 4 N., R. 13 W., immediately east of Meers post-office, on a dike of 
fine-grained dark greenstone about 3 feet thick, cutting through the ordinary gabbro plain. There 
are three small shafts along this dike, and assay values have been reported from all of them. 

W-10. An average sample of the material of the dike rock. Three Boys claim. 
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KECK BBOTHER8 MINE. 

This mine is situated near the Three Boys claim, on a cross dike. It shows on the dump 
shattered greenstone material cemented somewhat by calcite. There is also present a darker, 
bronze-colored rock which is said to carry values. 

W-11. Greenstone recementetl by calcite. 

W-12. Bronze-colored dike rock. 

WILLIE HINTON MINE. 

This mine is near the Keck Brothers mine, and is somewhat similar. 
W-14. Sample of best appearing ore. 

BLACK LODE. 

This mine is situated in sec. 34, T. 4 N., R. 13 W. Apparently a big boss of granite in the 
gabbro country rock. 

W-15. An average sample across the face of the granite exposure. 

GBOBGE WASHINGTON CLAIM. 

This claim is located in a saddle on Mount Sheridan. The general country rock is the 
normal red granite of the region. In the saddle is a dark, coarse-grained gabbro, which is itself 
said to carry values. It is somewhat cracked and jointed and carries a small amount of quartz 
in the seams. It is cut by a dike of diabase about 12 inches thick, along the edges of which 
there has been some contact metamorphism, with the development of a red facies. At one point 
on this contact is a small vug, which, on careful examination, proved to be entirely calcite. This 
was pointed out as the rock from which was broken a beautiful specimen of white quartz showing 
leaf gold. Samples 16, 18, and 19 are from this claim. 

W-16. Average sample of coarse-grained rock. 

W-18. Sample of contact facies of dike rock. 

W-19. Sample of calcite from the vug mentioned above. 

MAUD 8 MINE. 

This mine is located in the gabbro plain, immediately south of Meers post-office. 
W-20. Micaceous dike rock. 

SHAWNEE MINING COMPANY. 

The Shawnee Mining Company has a large group of claims located about li to 2 miles south 
of Meers. These include the Lost Lead, Joe Dandy, Teddy, the Compton, Big Four, and several 
others. They have been under development for some time, and at the Lost Lead there is a shaft 
72 feet deep, well timbered, and fully equipped with all necessary machinery for sinking and 
general development work. The other mines show prosj^ecting shafts of various slight depths. 
The claims are located within the gabbro plain, upoa various dikes which cut through the gabbro. 

W-21. Average sample across the east wall of the Lost Lead at the bottom of the shaft. 

W-22. Average sample across the Lost Leail from the {vest wall at the bottom of the shaft. 

W-23. Average sample across the east wall of the Lost Lead about 15 feet above the bottom 
ol the shaft. 

W-24. Joe Dandy. Sample of beat material, picked from dump by Dr. S. 1. Hardin, manager 
of the property. 
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W-25. Teddy mine. Sample of best material, picked from dump as above. 

W-26. Bismuth mine. Sample of best material, picked from wall of lead by Doctor Hardin. 
This material has l)een reported to carry bi.smuth, but upon examination in the laboratory fails 
to show any metallic element. 

W-27. Big Four mine. Sample of best material, picked from dump by Doctor Hardin. 

W-30. John A. Logan mine, of the Madison Creek Mining Company, near the Shawnee mines. 
Sample from the wall, showing small quantity of molybdenite. Apparently not much material is 
present, although it is possible that additional work might develop more. 

CACHE MINING AND REDUCTION COMPANY, MONTE CRISTO MINE. 

This mine is situated in NW. J sec. 18, T. 2 N., R. 13 W. At this point there are three small 
shafts located in the midst of the red granite country rock. The granite is at this point cut by- 
joints and seams, but not noticeably more so than at many other points in the district. Very 
small quantities of common pyrite can be found by careful examination. The samples were taken 
under the direction of the superintendent, and from places which he ix)inted out as representing 
the best ore. 

W-32. Sample across the south wall at the bottom of the shaft, including about 4 feet in 
width and showing only the normal granite. 

W-33. Sample of soft gouge about 3 inches wide occurring in the southwest comer of the 
Bhaft 

W-34. Gouge from the cracked granite, about 5 inches thick, in the northwest comer of the 
shaft, sampled about 4 feet from the bottom. 

W-36. Sample picked from the dump as representing the best ore from the mine. 

FLORENCE MINE AT CRATERVILLE. 

This mine, which is equipped with a small whim and whose shaft is said to be 100 feet deep, 
is located upon a greenstone dike cutting across the normal granite country rock. The shaft was 
partly full of water, and it was impossible to collect samples from the bottom. A sample was 
taken from the material found in the shaft house and reported by the superintendent to represent 
ore from the bottom of the shaft. It shows small stringers of quartz with a total thickness of 
perhaps 2i inches. This material is reported to have assayed irregularly, but to have occasionally 
given rather high values. 

W-39. Sample of vein material from the Florence, as above noted. 

ALBERTA MINING COMPANY. 

This mine is situated a short distance northwest of Craterville. The claim is located upon 
the greenstone dike cutting through the granite, and itself cut by some small veins of quartz 
having a maximmn thickness of th.*ee-eighths of an inch. 

W-40. Sample across the vein at the bottom of prospecting shaft. 

PARKER MINE. 

This mine is located not far from the edge of the granite area lying north of Qnana Parker's, 
in the granite country. There is no evidence of a vein. The granite shows small pieces of 
chalcopyrite sprinkled through the rock, but not in quantity. 

W--41. Sample of picked material from dump showing the most chalcopyrite. The assay of 
this sample gave 0.14 ounce silver to the ton, an amount not commercially important. 



REPOBTED ORE DEPOSITS OF THE WICHITA MOUNTAINS. 87 



LEAD LODE. 



This claim is in sec. 22, T. 3 N., R. 14 W. It is located on a granitic dike cutting across 
the gabbro. The sample was taken from the bottom of an assessment hole, at a depth of 10 
feet. This* material from the same point is said to have yielded $8 in gold upon assay. 

W-42. Sample across the vein as above. 



OEM MINE. 



This mine is located in sec. 16, T. 3 X., R. 14 W. The working is located upon a green- 
stone dike, 4 J feet across, sheeted and cemented with white quartz, and itself cutting through the 
normal granite country rock. 

W-43. Sample from across the vein on the west wall at the bottom of the shaft. 



DIAMOND MINE. 

This mine is about 300 feet east of the Gem, and supposed to be located on the same vein. 
At this point it shows a noticeable development of quartz on both foot and hanging walls. 
W-44. Sample of foot-wall quartz streak, average width 6 inches. 
W-45. Sample near hanging wall, shattered greenstone including one streak of quartz. 

CLARK AND BENNETT MINE. 

This is also known as the Galena mine. It is located a short distance northwest of the Gem 
and Diamond mines, and shows a greenstone dike about 2J feet thick cutting through the red 
granite. This dike has been faulted and considerably broken up. There has been a development 
of white quartz in the interstices of the broken rock. Accompanying the quartz is galena and 
some chalcopyrite. The sample taken from here (W-48) was from the dump and represented 
the best material which could be found. It showed on assay, as noted below, no gold, 0.92 
ounce of silver, and 3.63 per cent of lead. The silver value is unimportant. The lead is not 
enough to give the material rank as an ore. In its present form and in order to make. mining 
pay, it would be necessary to erect concentrating machinery and proiluce an ore carrying a lai^ger 
amount of lead. The development work so far accomplished does not show enough lead to 
warrant this, and w^hile the matter is one of personal opinion, it is not believed that further 
development work would give any l:)etter results. 

LITTLE BAR MINE OF THE BIO FOUR COMPANY. 

This mine is located a short distance east of Oriana. It has attracted a great deal of attention. 
It was from it that a carload of ore is said to have been taken and shipped to Denver for sale to 
Beam & Co. It is reporteil that this shipment gave a net return of $11.87 i)er ton. The mine as 
now developed shows a shaft about 40 feet deep, located on a greenstone dike running through 
the normal granite country rock. There are no quartz stringers or other signs of mineralization 
except a very small amount of pyrite along certain fault planes. The dike is 4 to 5 feet wide, 
varying slightly at different points. It had been suggested that the vein proper pitched to the 
north and passed out of the shaft at a depth of about 12 feet from the surface, but an examina- 
tion of the wall at that depth showed no vein or slip planes cutting the north wall, such as 
would be required by this hypothesis. 

W-49. Sample across west wall at the bottom of the shaft. 

W-50. Sample picked by the foreman fi )m the east wall about 6 feet from the bottom and 
said to have assayed ^ in gold. 
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W-ol. Sample chipped from around the entire sliaft at a point from which the ore shipped 
IB said to have been mined. 

W-^2. Sample picked from the dmnp >»y the foreman and the blacksmith as representing ore 
similar to that shipj^ed. 

BLUEBELL CLAIM, 

This claim is in sec. 9, T. 3 N., R. 15 W., near Oriana. 

W-54. Sample of a small quartz stringer, 1 to 2 inches thick, found in a granitic dike. 

HALE MINE. 

The Hale copper mine is in sec. 9, T. 3 N., R. 15 \V. It is located near the contact of the 
granite and the gabbro, upon a granitic dike rock technically known as grorudite. This claim 
has been known for many years to show copper, and prior to the opening of the country was 
staked off and prospected. It is now in litigation, and nothing but prospecting holes a few feet 
in depth are open to inspection. Small pieces of native copper have been repeatedly found in 
the outcropping edge of the dike, and a number of them were seen at the cabin of Mr. Hale 
near by. Copper stains are found, and occasional small pieces of chalcopyrite. The sample 
taken represents the best material that could be picked up from the dump. It is probablj 
not so good as has been obtained by others, since the showy pieces have naturally been carried 
away. It represents, however, in all probability, far better material than could be obtained in 
continuous workings of the vein, and offers, in the author's judgment, no encouragement for further 
development work. 

W-57. Samples of best material from the dump. 

MOUNTAIN PARK MINING AND DEVELOPMENT COMPANY. 

The Little Lead is located in sec. 5, T. 2 N., R. 17 W. This lead is a greenstone dike dip- 
ping sharply into the red granite country rock. It is said to show free gold on panning and to 
have assay e<i from a trace to $2.40. The dike is about 3 feet wide. 

W-58. Sample of dike material from east ami west sides of the shaft at a depth of about 40 
feet 

W-59. Red gouge and shattered rock on the hanging wall; sample both sides of the shaft 6 
to 14- inches across. 

W-00. General sample of the fine mine dirt for panning. This was not assayed, but repeated 
panning failed to show any gold. 

WHITE QUARTZ LEAD. 

This lead is in sees. 16 and 17, T. 4 N., R. 17 VV., near Wildman. It is said to be well 
developed for about 4 mile.s in an east-west direction. The general - country rock at the point 
where the sample was taken is gabbro. The lead is marked on the surface by a broad belt of 
white quartz float. In sec. 16 a shaft has been sunk upon it to a depth of 10 or 12 feet and 
shows that the lead is made up of several different stringers of white comb quartz penetrating 
the gabbro rock. Several samples were taken from this point. 

W-61. Picked specimen of white quartz. • 

\V-62. Average sample of white quartz from both sides at the bottom of the shaft. 

W-6:^ Sample of the decomix)8ed gabbro from between the quartz stringers. 

W-64. Material from dump, said to show copper and to represent material from the extreme 
bottom of the shaft. 
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CLEMENTS MINE. 

This mine is in the NW. i sec. 21, T. 4 N., R. 17 W. It is locate<l on a zone of shattered gabbro 
about 16 to 18 inches wide, cemente<l with white quartz. The development work consists of the 
usual assessment hole, 10 feet deep. Samples were taken from the bottom across the entire width 
of the vein. 

W-67. Sample across north wall. 

W-68. Sample across south wall. 

WILLIAMS MINE. 

This mine is in sec. 21, T. 4 N., R. 17 W. It is on a greenstone dike about 16 inches thick, in 
gabbro country rock. 

W-69. Average sample across the **vein" at the we«t end, a few feet below the surface. 

LONE STAR MINE. 

The Lone Star is in the 8W. J sec. 14, T. 4 N., R. 17 W. Supposed to be the same lead 
as the ** White Quartz lead" mentioned above. It is a vein in the gabbro country rock showing 
numerous white quartz stringers with some yellow ocher. 

W-70. Sample from 8-inch streak of sheared greenstone with 2 inches of white comb quartz 
in the middle. 

LAST DRIVE CLAIM. 

This claun is in sec. 7, T. 4 N., R. 16 W. It is located out on the plain between Wildman 
and Cooperton. The development work consists of a small pit in a pasture, about 3 feet deep 
It shows disintegrated gabbro in the bottom of the pit, with an iron capping, having a maximum 
thickness of 2 feet at the east end of the pit. There is no sign of a vein or lead of any kind. 
The sample was taken by Colonel Meers and the material is said to have run on local assay $14 
in gold and copper. 

W-71. Picked specimen as above. 

BLACK DIAMOND MINE. 

Supposed to be on the same lead with the Last Drive and in similar material. Prospect 
hole 10 to 12 feet wide. 

W-72. Sample picke<l from dump by Colonel Meers and said to show both gold and copper 
on local assay. 

KIOWA COPPER COMPANY. 

This prospect is in the SE. \ sec. 7, T. 4 N., R. 16 W. It is located on the open plain, 
lying northeast of the Upi>er Narrows of Otter Creek and in an area of decayeil gabbro country 
rock. The shaft itself was full of water, and the samples were taken from sacked material which 
had l^een prepared for shipment by hand sorting. An examination of this material made it clear 
that the ore proper was included within a streak from one-half to li inches in thickness, which 
agrees with measurements given by D. A. Bressman, the land owner. While the assay shows a 
considerable amount of copper to l)e present, and small pieces of metallic copper have l)een 
found in the material, it is believed that the thinness of the vein as indicated by the samples 
seen precludes the ix>8sibility of the mine l)eing profitable. 

W-73. Sample of hand-sorted material from sacks as above. 
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HOME»TAKE MINE. 

The Homestake mine is in the N\V. \ sec. 18, T. 4 N., R. 16 W. This claim is in the 
gabbro country, and there are no indications of any vein material. 

W-74. Picked sample from dump, said to represent the last bucket of material taken from 
bottom. 

TENDERFOiTF MIXE. 

On same quarter section with the Homestake. The development work consists of an assesn- 
ment hole 10 feet deep. The material shown in the walls of the hole is a weathered greenstone 
with some white streaks of feldspathic material. In the southeast comer of the shaft thore is a 
body of hard greenstone from which samples are said to have been taken which yielded as high, 
as 4.40 ounces of gold and 5.44 ounces of silver. 

\V-75. Sample frooi the hard greenstone noted above. 

OAKS MINE. 

This claim is in the NW. J sec. 23, T. 4. N., R. 17 W. It is located on a very fine-grained, 
glassy, dark rock, forming a dike and cutting through the usual gabbro. There is a development 
of white quartz along the contact. 

W-78. Average sample of dike across the bottom. 

\V-79. Average sample of white quartz from bottom of shaft. 

BONANZA MINE. 

The Bonanza mine is in the NE. i sec. 27, T. 4'N., R. 17 W. It is located on white quartz 
veins cutting the gabbro. Near the surface there are two separate quartz veins, which come 
together at the bottom. 

W-80. Average sample across the bottom on the south side. 

TWIN ROSE MINE. 

This is on the same land as the Bonanza mine. It is located on white quartz cutting the 
gabbro. At the sorface separate stringers extend through a width of about 10 feet. At the bot- 
tom of the prospect shaft, about 20 feet in depth, the thickness is about 2i fe 

W-81. Sample across the vein at the bottom. 

PELAND MINE. 

This claim is in sec. 11, T. 4 N., R. 17 W. It is located in the gabbro plain, east of the Narrows. 
The vein shows in the shaft an average thickness of 3 to 3i feet It includes several stringers of 
white quartz cutting through the gabbro. 

\V-82. Average sample across face, east side, at a depth of 16 feet. 

CREYCRAFT MINE. 

This claim is three-quarters of a mile northeast of Wildman. It is located on a greenstone dike 
cutting through the gabbro. 

W-83. Sample of material picked by owner. 

JOSHUA LODE. 

This lode is in the SW. J sec. 15, T. 4 N., R. 17 W. It consists of thin quartz streaks cutting 
through the gabbro, with a total thickness of 4 inches at the bottom, spreading apart to 6 inches at 
the top. The sample was taken from both sides of the assessment hole and from top to bottom. 

W-84. Sample quartz vein as above. 
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ARKANSA MINE. 



This claim is in the SW. i sec. 17, T. 4 N., R. 17 W., on a well-<i«fined greenstone dike, 4 feet 
wide, cutting through the gabbro. 

W-85. Average sample across dike at bottom of assessment hole. 



GLEN RAVEN MINE. 

This claim is in sec. 12, T. 4 X., R. 18 \V. It is located within the gabbro area and upon 
the greenstone dike cutting through the gabbro. Near both foot and hanging walls there is a 
development of pink feldspathic rock. 

W-86. Average sample across dike. 

SNOW BIRD MINE. 

This mine is on the same land as the Glen Raven. It is located on a quartz lead cutting 
through the gabbro. The sample was taken from the bottom of a 10-foot hole and across a width 
of 3i feet, showing quartz and pinkish decayed feldspar developed along the contact of a fine- 
grained intrusive rock cutting the gabbro. 

W-87. Average sample across face. 

LUGART MINING COMPANY. 

The Lugart Mining Company is engaged in the development of a number of properties lying 
near Lugart post-office and known as the Devils Canyon District. These include the Grubstake 
claim, from which ordinary blue bottom-land clay is being taken and treated by a new secret 
leaching process which is supposed to yield ** from 20 to 30 per cent more than is shown by 
fire assay." The average yield of treatment so far is represented to be about $60 to the ton. 
Samples were taken from the face of the cut in the presence of the assayer and inventor of the 
process, C. F. Lawrence, and were considered by him to represent a fair average of the material 
treated. On the same claim a shear zone in the granite is being worked. On the Black Diamond 
claim, near by, is a big dike of greenstone about 8 feet across and running through the granite in 
a north-south direction. Higher up the hill is a development of pegmatite and a small cave 
showing quartz crystals. 

W-90. Average sample taken from the face of pit and showing blue clay with occasional small 
balls of pyrites. 

W-91. Duplicate sample taken from same pit. 

\V-92. Sample of sheared granite from assessment hole on Grubstake claim. 

W-93. Average sample across the south wall of assessment hole made on the greenstone dike. 

W-94. Sample picked by W. J. Gilbreath, superintendent of the company, and representing the 
best material from the Black Diamond claim. This material is reported to have yielded, in assays 
made by Lawrence, $3,300 to the ton. 

W-95. Sample from the pegmatite dike, picked by Mr. Gilbreath and including crystals of 
quartz. 
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BBPOBT OF AS8AT8 FOR GOL.I>, SIIiVER, COPPER, AND liEAD. 

By E. T. Allen. 

Gold assays were made of 71 samples, numbered as follows: 1, 2, 3, 6, 8, 10, 
11, 12, 14, 15, 16, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 30, 32, 33, 34, 35, 39, 40, 41, 
42, 43, 44, 45, 48, 49, 50, 51, 52, 54, 57, 58, 59, 61, 62, 63, 64, 67, 68, 69, 70, 71, 72, 
73, 74, 75, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 9i), 91, 92, 93, 94, and 95. Most of 
the samples were granite, quartz, or other siliceous material, which was readily- 
fluxed by the charge, which was as follows: 

1 assay ton ore. 

1 assay ton podiuni bicarbonate. 

2.5 assay tons litliarge. 

0.5 assay ton borax. 

1.5-2.0 grams aiigol. 

Salt fover. 

A few milligrams of silver were also added to the charge in order to 
collect the gold, except where silver was sought. 

Although the prescribed charge gave satisfactory fusions with most of the 
samples, it was mo<lified wherever the composition of the material required; e. g., 
No. 19, being nearly pure calcite, required a large quantity of borax, and Nos. 67 
and 72, which were for the most part oxide of iron, required about 2 assa}' 
tons of borax and 4 grams argol. 

After the usual cupellation and parting, gold was looked for most carefully, 
but not a trace was found in an}' of the samples. 

Ten of the above samples were examined for silver as prescribed for gold, 
except, of coui-se, that the silver was omitted from the charge, but no silver 
was found except in Nos. 41 and 48, which showed 0.14 and 0.92 ounce per 
ton, respectively. 

Nos. 57 and 73 were also assayed for copper, and No. 48 for lead. 

No. 57 gave 0.35 per cent copper; No. 73 gave 10.81 per cent copper; No. 48 
yielded 8.63 per cent lead. 

COXCL.U8IOX8. 

In view of the precautions taken in collecting the samples, and the great care 
with which they were assayed, the absolutely uniform aksence of even a trace of 
gold and only the occasional presence of a small quantity of silver, copper, or lead 
allows but one conclusion to be drawn, namely, that none of the prospects exam- 
ined shows any ore in the proper sense of the term, nor does any one of them 
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have any present or probable future value. The possible exceptions in the case 
of copper and lead have already been discussed in detail. 

Whether future prospecting may reveal other occurrences which do have 
value can not, it is true, be stated. It is believed, however, that the prospects 
examined were fully representative and have, in many cases at least, been devel- 
oped enough to allow a proper judgment as to their value to l>e made, acd in no 
case do they offer any encouragement whatever for additional prospecting. 

In the granite mountains near Lugart there are certain coarse pegmatites 
showing crystals of quartz 3 inches or more in length. With the quartz crystals 
are some small, black, semivitreous crystals recognized by Doctor Hillebrand as 
belonging to the columbite-tantalite group. It is hoped that further investiga- 
tions may show the presence of some of the mre earths. 

While the results of the investigations were disappointing in so far as they 
failed to show the presence of the expected ore bodies, the region is one of 
other valuable resources. The granite, which is so abundant, is suitable for build- 
ing purposes, and is at many points excellently situated for quarrying. The 
limestones are available for the manufacture of lime, and are of suitable com- 
position for the manufacture of Portland cement if fuel and industrial conditions 
ever change so as to warrant investment in that industry. The small asphalt 
springs found near the east end of the Fort Sill Reservation are possibly indicative 
of larger deposits of oil or gas, and the excellent soil of the prairies and valleys, 
combined with good water resources, afford the basis for a large and thriving 
population. 
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